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(57) Abstract 

The present invention provides fibronectin self-assembly sites. The invention provides a set of polypeptides derived from 
the first type III repeat of fibronectin which contain a fibronectin-fibronectin binding site. These polypeptides have been used to 
obtain a second set of polypeptides derived from the C-terminal type I repeats which contain a second fibronectin-fibronectin 
binding site which interacts with the first type III repeat of fibronectin. These polypeptides are capable of inhibiting fibronectin 
matnx assembly by interfering with fibronectin-fibronectm binding. These polypeptides are also capable of enhancing fibronec- 
tin matrix ; assembly and inducing disulfide cross-linking of fibronectin molecules in vitro. In addition, these polypeptides are 
capable of inhibiting migration of tumor cells. The polypeptides of the present invention have a number of related uses as well 
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POLYPEPTIDES WITH FIRRONECTIN BINDING SITES AS 
MODULATORS FOR MATRIX ASSEMBLY 
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FIELD OF THE INVENTION 

10 The present invention relates to fibronectin 

extracellular matrix assembly and compounds involved in 
extracellular matrix assembly. In particular, the present 
invention relates to methods of modulating fibronectin 
extracellular matrix assembly, and related biological 

15 effects. 

BACKGROUND OF THE INVENTION 

As a constituent of the extracellular matrix, 
20 fibronectin is important for allowing cells to attach to 
the matrix. Fibronectin influences both the growth and 
migration of cells. Normal fibroblasts in tissue culture 
secrete fibronectin and assemble it into a matrix that is 
essential to their adhesion and growth. While many 
25 tumorigenic cells continue to produce fibronectin, they do 
not assemble the fibronectin into a matrix. This lack of 
matrix assembly is thought to contribute to the invasive 
properties of malignant cells. Thus, one important stage 
in the progression of cancer may be the transition from 
30 assembly to non-assembly of the extracellular matrix. 
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Th general structure of fibronectin has been 
identified. The polypeptide is composed of a number of 
repeats , of which there are three kinds f type I, type II, 
and type III. The type I repeat is about 45 amino acids 
long and makes up the amino-terminal and carboxy-terminal 
ends of the polypeptide. Two 60 amino acid type II 
segments interrupt a row of nine type I repeats at the 
amino-terminus of fibronectin. Finally, 15 to 17 type III 
segments , each about 90 amino acids long, make up the 
middle of the polypeptide. Altogether, mature or processed 
fibronectin contains nearly 2500 amino acid residues. 

Matrix assembly requires the binding of 
fibronectin to cell surfaces followed by assembly into 
15 fibrils, and stabilization of the fibrils by disulfide 
cross-linking. Several regions within fibronectin are 
required for the assembly process. The amino terminal 70 
kDa region of fibronectin is known to bind to another 
molecule, thought to "be the amino terminus of another 
20 fibronectin molecule. (McKeown-Longo et al. J. Cell. Biol. 
±00 364 (1985), Mosher et al. Ann. N.Y. Acad. Sci 614 167 
(1991). 



5 



10 



The fibronectin molecule may be characterized as 
25 containing both heparin-binding regions and gelatin-binding 
regions. Another region considered to be involved in the 
fibronectin assembly process is the amino terminal 29 kDa 
heparin binding domain. Cells have been shown to organize 
fibronectin fragments into fibrils only when heparin- 
30 binding fragments and an RGD-containing cell binding domain 
were present simultaneously (Woods et al., Exp. Cell r^. 
177:272-283 (1988)). The importance of the 29 kDa heparin- 
binding domain has been further underscored by the finding 
that recombinant fibronectin molecules lacking the 29 kDa 
35 region are not incorporated into extracellular matrix 
(Schwarzbauer, J, Cell Biol. ll^ lAfil-i ati (lggi) ) . 
Moreover, molecules composed- only of the 29 kDa region, 
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plus the carboxy-terminal half of fibronectin were 
efficiently incorporated into the extracellular matrix. In 
view of the above information, the role of the 29 kDa 
region appears to mediate the binding of fibronectin to the 
5 cell surface. 

Another region involved in matrix assembly is the 
RGD (arginine-glycine-aspartic acid) -containing cell 
binding domain of fibronectin. Monoclonal antibodies 

10 directed to the cell binding domain of fibronectin have 
been found to inhibit assembly of extracellular matrix 
(McDonald et al., J. Biol. Chem. 262 ;2957-2967 (1987)). In 
addition , two monoclonal antibodies have been described 
that bind close to f but not directly to, the RGD site. 

15 These antibodies block the binding of cells to fibronectin 
and also block fibronectin matrix assembly (Nagai et al., 
J. Cell Biol. 114 ; 1295-1305 (1991)). 

The receptor that binds to the RGD site in 
20 fibronectin is, in most cells, the a s ^ integrin 
(Pierschbacher and Ruoslahti, Nature 309 s 30-33 (1984)). 
Accordingly, monoclonal antibodies directed against the a 5 
and (3 1 integrin subunits have also been found to inhibit 
fibronectin matrix assembly, as well as the binding of 
25 fibronectin to matrix assembly sites. Conversely, 
overexpression of the a 5 p x integrin in CHO cells results in 
increased fibronectin matrix assembly. Taken together, 
these findings establish the importance of the interaction 
between fibronectin and the integrin during matrix 

30 assembly. 

A third region of fibronectin has recently been 
shown to be involved in matrix assembly. A 56 kDa fragment 
from fibronectin, which contains the 40 kDa gelatin-binding 
35 domain, plus the first type III repeat has been found to 
inhibit the incorporation of exogenous fibronectin into the 
extracellular matrix (Chernousov et al., J. Biol. Chem, 
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266:10851-10858 (1991)). In addition, monoclonal 

antibodies that bind within this 56 kDa r gion w re also 
found to block fibronectin matrix assembly. 

5 Because of its role in the extracellular matrix, 

fibronectin is important in both normal and pathological 
tissues. The identification of additional regions of 
fibronectin involved in the assembly of extracellular 
matrix will provide additional means to control the matrix 
10 assembly process. Such control is useful in many 
biologically and medically important situations, such as 
culturing cells and directing tissue regeneration, and 
ameliorating certain pathological conditions. 

SUMMARY OF THE INVENTION 

15 

The present invention provides substantially 
purified polypeptides which contain f ibronectin-f ibronectin 
binding sites, also referred to as fibronectin self- 
assembly sites. A first set of polypeptides derived from 

20 the type III,, repeat of fibronectin containing a 
fibronectin-fibronectin binding site has been used to 
obtain a second set of polypeptides derived from the C- 
terminal type I repeats of fibronectin. The second set of 
polypeptides contains a fibronectin-fibronectin binding 

25 site capable of interacting with the first binding site. 
The type Illj-derived polypeptides include a 14 kDa 
fragment, recombinant versions of the 14 kDa fragment 
referred to as IIIx-C, III^E, and QE-C, and synthetic 
polypeptides PI through P4 derived from the 14 kDa 

30 fragment. The C-terminal type I derived polypeptides 
include an 18 kDa fragment, and synthetic polypeptides Pll, 
representing the 11th type I repeat, and P12, representing 
the 12th type I repeat. The Pll polypeptide in particular 
binds strongly to the first set of polypeptides. A number 

35 of the polypeptides of the present invention inhibit 
fibronectin-fibronectin binding to some degree, and thereby 
inhibit the formation of the fibronectin extracellular 
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matrix. This is in contrast to previously identified 
fibr nectin fragments that block fibronectin matrix 
assembly by blocking fibronectin binding to cells. 

5 In addition, the present invention provides 

methods of both inhibiting and promoting extracellular 
matrix formation, and therefore methods of controlling 
biological processes related to matrix formation. The 
present invention further provides methods of isolating 
10 fibronectin, and promoting cell attachment to surfaces 
employing the invention polypeptides. 

BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 illustrates the inhibition of 
15 fibronectin matrix assembly by fibronectin, 70 kDa 
fragment, and heparin binding fragments of fibronectin. 

Figure 2 illustrates the binding of 29 kDa and 14 
kDa fragments to I MR- 90 cells. 

20 

Figure 3A illustrates the purification of the 14 
kDa fibronectin fragment and Figure 3B illustrates the 
location of the 14 kDa fragment on the fibronectin 
molecule • 

25 

Figure 4 illustrates the inhibition of 
fibronectin matrix assembly on IMR-90 cell monolayers by 
the 14 kDa fragment, the 70 kDa fragment, and fibronectin, 
after one hour (Figure 4 A) , or after 24 hours (Figure 4B) . 

30 

Figure 5A illustrates the binding of labeled 14 
kDa fragment to fibronectin, and Figure 5B illustrates the 
binding of labeled fibronectin to fibronectin. 



35 



Figure 6 illustrates competitive inhibition of 
the 14 kDa fragment (Figure 6A) and fibronectin (Figure 6B) 
for 14 kDa-fibronectin and f ibronectin-f ibronectin binding 



WO 93/15203 



PCT/US93/00909 



10 



20 



35 



sit s. 

Figure 7 illustrates the inhibition of 14 kDa 
fragment-fibronectin binding (Figure 7A) , and f ibronectin- 
fibronectin binding (Figure 7B) by polypeptides PI, P2, P3, 
and P4 from the 14 kDa region. 

Figure 8 illustrates the binding of plasma 
fibronectin to affinity columns made of gelatin-Sepharose 
(lanes 2-4), or polypeptide PI (lanes 5-7), or polypeptide 
P2 (lanes 8-10) . 



Figure 9 illustrates the inhibition of 
fibronectin matrix assembly by fibronectin, polypeptide PI, 
15 and polypeptide P2, after one hour (Figure 9A) , or after 24 
hours (Figure 9B) . 

Figure 10 illustrates effect on endogenous 
fibronectin matrix assembly no additions (Figure 10A) , 70 
kDa fragment (Figure 10B), polypeptide Pi (Figure 10C), or 
polypeptide P2 (Figure 10D) . 



Figure 11 illustrates the variation in cell 
attachment to fibronectin which is bound to a polypeptide 
25 Pl-coated or a t coated-substrate as the concentration of 
polypeptide (Figure 11A) is increased, or as the 
concentration of fibronectin (Figure 11B) is increased. 

Figure 12A illustrates the insertion of 
30 nucleotide sequences encoding amino acid fragments of human 
fibronectin into plasmid pGEX-2T. Figure 12B illustrates 
the insertion of nucleotide sequences encoding amino acid 
fragments of human fibronectin into plasmid pQE-C. 



Figure 13A illustrates the binding of" cathepsin-D 
digested • fragments of fibronectin to Pl-Sepharose or P2- 
Sepharose columns, and Figure 13B illustrates the binding 
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of fragments which bound to Pl-Sepharose to a second PI- 
Sepharose column after reduction and alkylation of the 
fragments* 

5 Figure 14 illustrates a diagram of fibronectin 

showing the locations of the recombinant polypeptides IIIj- 
C, IIIj-E, and QE-C of the 14 kDa fragment, the amino- 
terminal 70 kDa fragment, the cell-binding RGD tripeptide, 
and the regions represented by the 63 kDa, 36 kDa 1 , and 18 
10 kDa fragments. 

Figure ISA illustrates the binding of Pll and P12 
to Pl-Sepharose and P2-Sepharose columns, and Figure 15B 
illustrates the binding of the recombinant IIIi-E 
15 polypeptide to Pll-Sepharose, Pl2-Sepharose, and Sepharose 
CL-4B columns. 

Figure 16 illustrates the inhibition, of III^E- 
fibronectin binding -(Figure 16A) , and fibronectin- 
20 fibronectin binding (Figure 16B) in the presence of 
fibronectin, IIIj-E, PI, Pll, and P12. 

Figure 17 illustrates Scatchard plot analysis for 
IIIj-E-fibronectin binding (Figure 17A) and fibronectin- 
25 fibronectin binding (Figure 17B) . 

Figure 18 illustrates a proposed model of 
fibronectin fiber structure. ~* 
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Figure 19 illustrates the induction of disulfide 
cross-linking of f ibronectin by th QE-C recombinant 
polypeptide, resulting in an increase in the number of high 
molecular weight aggregates (HMW cross-linked f ibronectin) . 

5 

Figure 20 illustrates the enhancement of 
fibronectin matrix deposition in CHO cells by the III r -C 
polypeptide . 

10 Figure 21 illustrates the reduction of CHO cell 

migration by the application of the III^C polypeptide, 
where Figure 21A shows the migration of Cll cells alone, 
Figure 2 IB shows the migration of Cll cells after the 
application of the IIIj-C polypeptide, and Figure 21C shows 

15 the migration of the control A3 cells. 

DETAILED DESCRIPTION OF THE INVENTION 

As used herein the term " substantially" or 
20 "essentially" when referring to the amino acid sequence of 
a polypeptide refers to sequences having variations in the 
sequence of amino acids such that at least a portion of the 
desired activity of the original polypeptide is retained. 
Such variations include substitutions, additions or 
25 deletions of amino acids in a sequence, fragments of the 
sequences, or multiple copies of the sequence such that at 
least a portion of the desired activity is retained. In 
the context of the polypeptides of the present invention, 
this activity can be protein-protein binding such as 
30 binding to fibronectin, inhibition of fibronectin- 
f ibronectin binding, inhibition of matrix formation, 
promotion of cell attachment, or other activities described 
in detail in the Examples below. 

35 As used herein the term "polypeptide" refers to 

fragments isolated from a larg r molecule by proteolytic 
cleavage, as well as polypeptides which are produced 
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recombinantly, polypeptides produced by chemical synthesis, 
or polypeptides or polypeptide fragments made by oth r 
methods. Exemplary, polypeptides contemplated by the 
present invention include those which have substantially 
5 the same amino acid sequence as set forth in Sequence ID 
No. 1 through 7. The term "polypeptide" also refers to 
"functional fragments ", which are sequences containing less 
than all of the residues set forth in Sequence ID No. 1 to 
7 which also retain at least a portion of the functional 

10 activity of the parent polypeptide. The term "polypeptide" 
also refers to homologous polypeptides from different 
species, allelic variations within the same species, 
multimeric forms of the polypeptides or functional 
fragments of the multimeric forms. For example, the 

15 polypeptide PI is known to aggregate into mul timers above 
certain concentrations, as described in Example VI. 

As used herein, the term "cellular system" refers 
to an in vitro cellular system such as cell cultures as 
20 described in the Examples below, and in vivo systems such 
as specific tissues in mammalian organisms. 

As used herein the term "binding molecule" refers 
to protein or non-protein molecules which bind to the 

25 polypeptides of the present invention. Binding molecules 
as used herein refers to antibodies, proteins other than 
the proteins of the present invention, RNA molecules and 
other molecules which bind to the invention polypeptides. 
As used herein the term "antibodies" refers to any molecule 

30 which has specific immunoreactive activity. Such a 
molecule may be optionally coupled with another compound 
such as a targeting agent, carrier, label, toxin, or drug. 
Although an antibody usually comprises two light and two 
heavy chains aggregated in a "Y" configuration with or 

35 without covalent linkage between them, the term is also 
meant to includ a reactive fragment or fragments such as 
Fab molecules, Fab proteins or single chain polypeptides 
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having binding affinity for an antigen. "Fab" refers to 
antigen binding fragments. As used herein the term "Fab 
molecules" refers to. regions of antibody molecules which 
include the variable portions of the heavy chain and/or 
5 light chain and which exhibit binding activity. "Fab 
protein" includes aggregates of one heavy and one light 
chain (commonly known as Fab) , as well as tetramers which 
corresponds to the two branch segments of the antibody Y 
(commonly known as F(ab) 2 ), whether any of the above are 

10 covalently or non-covalently aggregated so long as the 
aggregation is capable of selectively reacting with a 
particular antigen or antigen family. Also included in the 
definition of "antibody" are immunoreactive polypeptides 
which have been recombinantly synthesized, chemically 

15 synthesized, recombinantly combined, chemically modified or 
chemically linked. 



The present invention provides substantially 
purified polypeptides containing fibronectin self- 
20 association sites. These polypeptides themselves bind to 
fibronectin, and are also capable of inhibiting the binding 
of one fibronectin molecule to another fibronectin 
molecule. 



25 A first set of f ibronectin-binding polypeptides 

containing a fibronectin- fibronectin binding site is 
provided. These polypeptides were derived from the first 
type III (III!) repeat of fibronectin. This set of 
polypeptides includes a 14 kDa fragment, recombinantly 

30 produced versions of the 14 kDa fragment, and synthetic 
functional fragments of the 14kDa fragment. 

The 14 kDa fragment and exemplary synthetic 
subfragments have been characterized and sequenced. The 14 
35 kDa fragment was isolat d from h parin-binding fragments of 
fibronectin by sere ning for fragments having the capacity 
to inhibit extracellular matrix assembly as described in 
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Example III. This fragment is considered to encompass the 
first type III repeat unit of fibronectin. The 14 kDa 
fragment has the following sequence: NAPQPSHISK YILRWRPKNS 
VGRWKEATIP GHLNSYTIKG LKPGWYEGQ LISIQQYGHQ EVTRFDFTTT 
5 STSTPVTSNT VTGETTPFSP LVATSESVTE ITASSFWS (Sequence ID No 
1). 

The 14 kDa fragment is further characterized by 
being capable of binding to IMR-90 cells, which construct 

10 an extensive fibronectin extracellular matrix, and not to 
HT-1080 cells, which produce no matrix. IMR-90 cells are 
a human diploid lung fibroblast non-tumorigenic cell line, 
having the ATCC number CCL-186. HT-1080 cells are a human 
fibrosarcoma tumorigenic cell line, having the ATCC number 

15 CCL-121. The 14 kDa fragment has the further ability to 
greatly reduce the formation of the fibronectin matrix, by 
approximately 70 percent in some experiments (see Example 
IV below) . This inhibition of matrix formation is found to 
be due to the binding of the fragment to the fibronectin 

20 molecule, thus competing with f ibronectin-f ibronectin 
binding, as described in Example V below, rather than 
interfering with the binding of fibronectin to the cells, 
as is demonstrated in Example VII. 

25 Functional fragments of the 14 kDa fragment are 

also provided. These fragments include four subfragments 
designated PI through P4, which represent various 
overlapping segments of the 14 kDa fragment, as described 
in Example I. The amino acid sequences of these four 

30 functional subfragments are as follows: 

NAPQPSHISK YILRWRPKNS VGRWKEATIP G (PI; Sequence 

ID No. 2) ; 

EATIPGHLNS YTIKGLKPGV VYEGQLISIQ Q (P2; Sequence 

ID No. 3) ; 

35 LISIQQYGHQ EVTRFDFTTT STSTPVTSNT V (P3; Sequence 

ID No. 4 J ; 



WO 93/15203 



PCT/US93/Q0909 



12 

VTSNTVTGET TPFSPLVATS ESVTEITASS FWS (P4; 
Sequence ID No. 5). 

A presently preferred polypeptide subf ragment for 
5 use in the present invention is the polypeptide designated 
PI. As described in Example IV, and shown in Figure 7, Pi 
is highly effective in inhibiting the binding of the 14 kDa 
fragment to fibronectin (shown in Figure 7A) , and in 
inhibiting the binding of fibronectin to fibronectin 
* 10 (Figure 7B) . As described in Example VI, PI reduces the 
incorporation of fibronectin into the extracellular matrix 
by 80 percent or more in some experiments. In addition, 
mixtures containing at least two of the polypeptides PI to 
P4, have been found to be effective at inhibiting 14 kDa- 
15 fibronectin and f ibronectin-f ibronectin binding. As is 
shown in Example VI, the preferred mixture is PI and P4 for 
use in the present invention. 

Recombinant ~ versions of the 14 kDa fragment, 
20 herein referred to as the IIIj-C, III r -E, and QE-C 
polypeptides are also provided. The production of these 
recombinant polypeptides is described in Example I. The 
HIi-C and QE-C polypeptides were produced by splicing the 
same PCR-produced sequence into two different vectors, as 
25 described in Example I. The positions of the recombinant 
polypeptides on the fibronectin molecule are shown on 
Figure 14. The three recombinant polypeptides contain N- 
terminal amino acids and C-terminal amino acids which are 
not found in the original fibronectin sequence, as 
30 described in Example I. 

The binding affinity of III X -B for fibronectin has 
been determined by Scatchard analysis, as described in 
Example XI. The analysis determined that there are both 
35 high affinity, low abundance sites, (K D of about 6xl0' a M 
with approximately 1-2 binding sites per fibronectin 
dim r), and low affinity, high abundance sites (K D of about 
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6xl0" 7 M, with approximately 10 binding sites per 
fibronectin dimer) on fibronectin for the IIIj-E fragment. 

The 14 kDa-derived recombinant polypeptides were 
5 shown to have a number of effects on fibronectin matrix 
assembly. Example XII describes the stimulation of in 
vitro disulfide cross-linkage formation. Example XIII 
describes the enhancement of fibronectin matrix assembly. 
In addition, it was shown in Example XIV that CHO cell 
10 migration can be slowed by the application to the cell 
culture of the invention polypeptides, indicating that the 
migration of tumor cells can be inhibited by the 
polypeptides of the present invention. 

15 A second set of polypeptides derived from the O 

terminal type I repeats of fibronectin is also provided. 
These polypeptides contain a fibronectin-f ibronectin 
binding site which interacts with the first binding site 
contained in the Ill x repeat of fibronectin and represented 

20 by the first set of polypeptides. The second set of 
polypeptides includes an 18 kDa fragment, and synthetic 
polypeptides representing the eleventh type I repeat, 
designated Pll, and the twelfth type I repeat, designated 
P12. These polypeptides bind fibronectin and also have the 

25 ability to inhibit f ibronectin-f ibronectin binding by 
competing for binding sites with the fibronectin molecules. 

The 18 kDa fragment was isolated by eluting 
fragments of digested fibronectin which bound a Pl- 

30 Sepharose column as described in Example IX. This fragment 
was found to represent the 12th, 11th, and part of the 10th 
type I repeat of fibronectin. Synthetic polypeptides 
representing the 11th and 12th repeats were synthesized. 
The sequences are as follows : RWSHDNGVNY KIGEKWDRQG 

35 ENGQMMSSTS LGNGKGEFKS DPHE (Pll; Sequence ID No. 6), and 
ATSYDDGKTY HVGEQWQKEY LGAISSSTSF GGQRGWRSDN SR (P12, 
Sequ nee ID No. 7). Of these synthetic polypeptides, Pll 
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is the preferred embodiment and is found to be the most 
effective at inhibiting both IIIx-E-f ibronectin binding, and 
fibronectin-fibronectin binding, as is shown in Example IX, 

5 In another aspect of the present invention, there 

are provided binding molecules which bind to the 
polypeptides of the present invention. Such binding 
molecules can be proteins or non-proteins and include 
antibodies raised against the polypeptides of the present 

10 invention, including antibody-like proteins such as 
recombinant antibodies, single-chain antibodies, and the 
like as described above, as well as recombinant protein 
fragments and RNA sequences that specifically bind the 
polypeptides. One skilled in the art can readily prepare 

15 such binding molecules, without undue experimentation, 
given the sequence and description of the fibronectin- 
binding polypeptides provided herein. These various 
molecules can be provided as compositions for producing a 
desired biological effect by increasing or decreasing 

20 fibronectin matrix formation. 

In another aspect of the present invention, a 
method of inhibiting the ability of fibronectin to 
participate in extracellular matrix assembly by blocking 

25 fibronectin-fibronectin binding is provided. This is 
accomplished by contacting the cells or tissues to be 
treated with an effective amount of the polypeptides of the 
present invention, as described extensively in the Examples 
below. Blocking fibronectin-fibronectin binding can also 

30 be accomplished by contacting the targeted cells or tissue 
with an effective amount of binding molecules made against 
the invention polypeptides, for example, antibodies made 
against the invention polypeptides. Blocking or inhibiting 
fibronectin-fibronectin binding is accomplished by the 

35 binding of the polypeptides or binding molecules with the 
reciprocal binding site on the fibronectin molecule, thus 
preventing fibronectin-fibronectin binding. 
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The ability to inhibit the f ozonation of 
extracellular matrix is of great benefit in controlling 
biological processes, which are related to extracellular 
matrix accumulation • For example scar formation is related 
5 to the formation of excess extracellular matrix 
accumulation. Therefore, treatment with the polypeptides 
and related molecules of the present invention is a method 
for preventing unwanted scar formation. Therefore, in 
another aspect of the present invention, a method to 
10 prevent scar formation as a result of the healing of a 
wound is provided, by administering an effective amount of 
invention polypeptide so as to enhance cell migration into 
a wound site, while preventing excessive matrix formation, 
thereby preventing scar formation. 

15 

In another aspect of the present invention, the 
polypeptides of the present invention have also shown the 
unexpected characteristic of enhancing f ibronectin binding 
to surfaces at higher concentrations of the polypeptides. 

20 As described in Example VIII, the polypeptides of the 
present invention can promote cell attachment to surfaces 
when the surface is coated with the polypeptide, then 
incubated with fibronectin under conditions allowing for 
the binding of fibronectin. Coating a surface such as 

25 plastic wells with a polypeptide and fibronectin is shown 
to promote cell attachment. Therefore, the present 
invention provides a method of promoting cell attachment to 
a surface through the use of the invention polypeptides. 
Since the invention polypeptides bind fibronectin such as 

30 plasma fibronectin, they can be used to coat biological and 
medical materials such as, for example, implants, so that 
the materials bind fibronectin from biological fluid, and 
thereby become adhesive to cells, thereby enhancing the 
biocompatibility of such materials. 

35 

The polypeptides of the present invention also 
have the unexpected property of both reducing fibronectin- 
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fibronectin binding at low concentrations of the 
polypeptides , while enhancing fibronectin- fibronectin 
binding at higher concentrations of the polypeptides , as is 
described in Example VI and shown in Figure 7. In 
5 addition, the IIIj-C and related recombinant polypeptides 
are capable of enhancing fibronectin matrix assembly, as 
shown in Example XIII. Therefore, the present invention 
provides a method to promote the assembly of extracellular 
matrix in a cellular system by contacting the system with 
10 an effective amount of the polypeptides of the present 
invention. The recombinant polypeptides III I -C f IIIjHE and 
QE-C, and the synthetic polypeptides PI and P4 are the 
presently preferred polypeptides used for this method. 

15 In addition, the polypeptides of the present 

invention are show to stimulate the formation of 
fibronectin disulfide cross-linking in vitro . This is 
described in Example XII. Therefore, fibronectin matrix 
formation is stimulated by inducing fibronectin- fibronectin 
20 disulfide cross-linking. Presently preferred polypeptides 
for stimulating disulfide bonding are Pi, P4, IIIj-C, III!- 
E, or QE-C. 

The promotion of matrix formation can be used to 
influence associated biological processes. For example, 
the promotion of the formation of fibronectin extracellular 
matrix can be used to combat tumor formation. This is a 
consequence of the effect of certain polypeptides 
fibronectin matrix formation and therefore on cell 
migration, as described above, and as described in 
particular detail in Example XIV. It has been previously 
noted that there is a correlation between an increase in 
fibronectin matrix assembly and a decrease in tumorigenic 
phenotype in cell cultures. See, for example, Giancotti 
and Ruoslahti, Cell 60 , 849 (1990). A decrease in cell 
migration was found when the polypeptides of the present 
invention were appli d to the Cll CHO cell line, as 
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described in Example XIV. Th refore, a method of reducing 
tumor cell migration by applying the polypeptides of the 
present invention is. also provided. Presently preferred 
polypeptides for use in this method are polypeptides Pl r 
5 P4, IIIj-C, IIIx-E, and QE-C. 



10 
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20 
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30 



35 



Those of skill in the art can readily identify 
suitable modes of administration of the compositions of the 
present invention including the polypeptides containing 
binding sites, antibodies to the polypeptides, RNA encoding 
the polypeptides, and the like, such as, for example, by 
injection such as intraperitoneal or subcutaneous, local 
application such topical application to a surface wound, 
gradual infusion such as by osmotic pump, and the like. 

In another aspect of the present invention the 
polypeptides could target materials to tissues that contain 
fibronectin. This is accomplished by coupling the 
polypeptides with a molecule to be targeted to f ibronectin- 
containing tissues or cells, and contacting the tissues or 
cells with the coupled molecules. 

In accordance with still another embodiment of 
the present invention, a method is provided to isolate 
fibronectin from a mixture of proteins by subjecting the 
mixture to an affinity chromatography column or other 
support containing one or more of the polypeptides of the 
present invention, then eluting retained fibronectin from 
the column or support. 

Therefore, the present invention provides 
polypeptides which contain f ibronectin-f ibronectin binding 
sites capable of binding to fibronectin and to each other. 
The isolation and characterization of fibronectin- 
fibronectih binding sites contained in the polypeptides of 
the present invention provides the opportunity for the 
future construction of chimeric fibronectin which can be 
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tailor d for specific uses. The use of the binding site- 
containing polypeptides presently provides a means to both 
inhibit and enhance formation of the f ibronectin matrix by 
inhibiting or enhancing fibronectin-f ibronectin binding. 
5 This in turn provides methods of influencing biological 
processes which are closely linked to fibronectin matrix 
formation. The invention polypeptides have other uses as 
well. 

10 The invention will now be described in greater 

detail by reference to the following non-limiting examples. 
These examples are intended to illustrate but not limit the 
invention . 

15 EXAMPLE I 

Isolation of 14kDa fragment and Synthesis of 
Polypeptides PI through P4 

Materials 

The materials used in all of the following 

20 examples include the following. Alpha-Minimal Essential 
Medium (a-MEM) was purchased from Gibco Laboratories (Grand 
Island, New York) f Fetal Calf Serum (FCS) from Tissue 
Culture Biologicals (Tulare, California) , and Glutamine 
Pen-Strep from Irvine Scientific (Santa Ana, California). 

25 Immulon 2 Removawell strips were obtained from Dynatech 
Laboratories (Chantilly, Virginia). Iodo-Gen was purchased 
from Pierce (Rockford, Illinois). CNBr-activated 
Sepharose, heparin-Sepharose, gelatin-Sepharose, Sepharose 
CL-4B, S-Sepharose, NAP-25 columns, and the plasmid vector 

30 pGEX-2T were obtained from Pharmacia LKB (Piscataway, New 
Jersey) . Precast SDS-PAGE gels were purchased from BioRad 
(Richmond, California) and Novex (San Diego, California) . 
Imobilon nylon transfer membrane was purchased from BioRad 
Laboratories (Richmond, CA) . Vent DNA polymerase was 

35 purchased from New England Biolabs, Inc. ( Beverly r MA). 
Lab-Tek 8-well Chamb r Slides were obtained from Nunc 
(Naperville, Illinois). HPLC columns were purchased from 
Vydac (Hesperia, California) . Collagen type I was obtained 
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from Collaborative Res arch (Bedford/ Massachusetts). All 
other reagents were acquired from Sigma (St. Louis, 
Missouri) . Human fibronectin is commercially available, 
and was obtained from the Blood Transfusion Service of the 
5 Finnish Red Cross in Helsinki. 

IMR-90, ATCC number CCL-186, a human diploid lung 
non-tumorigenic fibroblast cell line, and HT-1080 cells, 
ATCC number CCL-121, a human fibrosarcoma tumorigenic cell 
10 line, are both commercially available. The two cell lines 
were cultured in a-MEM supplemented with 10% heat- 
inactivated FCS and Glutamine Pen-Strep. IMR-90 cells used 
for experiments were between passage number 11 and 20; 
cells in later passages were not used. 

15 

Isolati on of fibronectin fragments 
To separate heparin-binding fragments from 
gelatin-bind: n.;i fragments, fibronectin obtained from the 
Blood Transfusion Service of the Finnish Red Cross in 

20 Helsinki was digested with a-chymotrypsin (0.1% by weight, 
TLCK treated) for 4 hours at 25°C. The digestion was 
stopped by adding phenylmethylsulphonyl fluoride (20 jjg/ml 
final concentration) . The preparation was passed over a 
gelatin-Sepharose column according to Engvall and 

25 Ruoslahti, Int. J. Cancer sn. l (1977). After washing the 
gelatin-Sepharose column with phosphate-buffered saline 
(PBS), gelatin-bound material was eluted with 8 M urea, 50 
mM Tris-HCl, pH 7.5, followed by extensive dialysis against 
distilled water and lyophilization. The material that 

30 bound gelatin-Sepharose consisted primarily (over 98%) of 
fragments of 40 kDa and 45 kDa size. The 40 kDa and 45 kDa 
fragments do not contain the Hi, region and are useful as 
negative controls in experiments characterizing 
polypeptides containing binding sites. 

35 

The flow-through from the gelatin-Sepharose 
column was collected and passed over a heparin-Sepharose 
column. The heparin-Sepharose column was washed with PBS, 
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then h parin-bound fibronectin fragments were eluted with 
1 M NaCl, 50 mM Tris-HCl, pH 7.5, then dialyzed against 
distilled water and lyophilized. 

5 The 14 kDa fragment was purified from heparin- 

binding fragments by reverse phase HPLC on a 04 column. 
After applying heparin-binding fragments to the HPLC column 
in 0.06% trifluoroacetic acid, the column was eluted with 
a linear gradient of 0 to 60% acetonitrile in 0.06% 
10 trifluoroacetic acid. The 14 kDa fragment was eluted in 
the 45% acetonitrile fractions. 

The 14kDa fragment was sequenced at the Protein 
Chemistry Laboratory at the La Jolla Cancer Research 
15 Foundation, La Jolla, CA. The sequence of the 14 kDa 
fragment is NAPQPSHISK YILRWRPKNS VGRWKEATIP GHLNSYTIKG 
LKPGWYEGQ LISIQQYGHQ EVTRFDTTT STSTPVTSNT VTGETTPFSP 
LVATSESVTE ITASSFWS (Sequence ID No. 1). 

20 The amino terminal 70 kDa fragment , known to 

inhibit fibronectin matrix assembly, was also produced from 
the heparin-binding fibronectin as previously described by 
McKeown-Longo and Mosher f J. Cell Biol. 100;364-374 (1985). 

25 In addition, fibronectin was digested with 

cathepsin-D as described by McKeown-Longo et al. f J. Cell 
Biol. 100, 364 (1985). To remove fragments containing the 
gelatin-binding domain, the digested fibronectin was 
applied to a gelatin-Sepharose column according to Engvall 

30 and Ruoslahti (1977), supra . The unbound fraction from the 
gelatin-Sepharose was fractionated further on peptide 
columns as described in Morla and Ruoslahti, J. Cell. Biol, 
118, 421 (1992). 

35 Amino-terminal sequence analysis of isolated 

fibronectin fragments was done by transferring the proteins 
from a gel onto an Imobilon nylon membrane . The bands of 
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interest were cut out of the membrane and sequenced at the 
microsequencing facility at the Research Institute of 
Scripps Clinic (La Jolla, CA) . 

5 Synthesis of polypeptides Pi to P4 

Polypeptides representing various regions of the 
above-described 14 kDa fragment of fibronectin were 
synthesized at the Protein Chemistry Laboratory at the La 
Jolla Cancer Research Foundation. All polypeptides used in 

10 experiments were purified by reverse phase HPLC. 
Polypeptide PI (Sequence ID No. 2) having the sequence 
NAPQPSHISK YILRWRPKNS VGRWKEATIP G represents the region 
from amino acids 600 to 630 of fibronectin; polypeptide P2 
(Sequence ID No. 3) having the sequence EATIPGHLNS 

15 YTIKGLKPGV VYEGQLISIQ Q represents the region from amino 
acids 625 to 656; polypeptide P3 (Sequence ID No. 4) having 
the sequence LISIQQYGHQE VTRFDFTTT STSTPVTSNT V represents 
the region from amino acids 650 to 680; and polypeptide P4 
(Sequence ID No. 5) having the sequence VTSNTVTGET 

20 TPFSPLVATS ESVTEITASS FWS represents the region from amino 
acids 675 to 708 of the mature fibronectin protein 
according to the numbering method of Kornblihtt et al., 
EMBO J. 4tl7S5-175Q (1985). 

25 Production of Reco mbinant Proteins from the First- 

Type III Repeat of Fibronectin 
(Proteins TTT ,-C. III.-E. and OE-t?) 

Recombinant proteins representing two 
30 different regions of the first type III repeat of 
fibronectin (see Figure 14) were produced by PCR cloning of 
the region in the sequence of human fibronectin spanning 
residues 600 to 655 (Kornblihtt et al., (1985), supra), 
for the III 2 -E protein, and the region spanning residues 
35 600-674 for the Illj-C and QE-C proteins, These areas of 
fibronectin were cloned from a human placental cDNA library 
previously made using methods well known in the art, using 
the following PCR primers for the 111,-E protein: 

5 ' -primer , 5 ' -CCGGATCCAATGCACCACAGCCATCTC- 3 ' 
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(Sequence ID No. 8), 

3 ' -primer , 5 ' -CCGGATCCCTGCTGGATGCTGATGAGC-3 ' 
(Sequence ID No, 9).. 

5 The following primers were used for the Illi-C and 

QE-C proteins: 

5 ' -primer , 5 ' -CCGGATCCAATGCACCACAGCCATCTC- 3 ' 
(Sequence ID No. 8), (the same primer as used for IIIx-E)? 

3 ' -primer , 5 ' -CCGGATCCAGGTGTGCTGGTGCTGGTGG- 3 ' 
10 (Sequence ID No. 10). 

These primers were designed with Bam HI sites 
flanking the fibronectin-coding sequences to enable 
splicing of the fibronectin sequence in-frame either with 

15 the glutathione-S-transferase coding sequence in the vector 
pGEX-2T (for III^E and Illi-C, see Figure 12), or with the 
coding sequence in the pQE-12 vector (for QE-C, see Figure 
12B) . pQEX-2T was obtained from Pharmacia LKB 

Biotechnology , Inc., Piscataway, NJ, and pQE-12 was 

20 obtained from Qiagen Inc. f Chatsworth, CA. 

The PCR reactions were performed using Vent DNA 
polymerase according to the manufacturer's recommendations/ 
and with the following temperatures and times: 94 °C, 1 

25 min; 50 °C f 2 min. , and 74 °C / 2 min., for 30 cycles. The 
PCR products were purified on agarose gel, digested with 
Bam HI, purified again on an agarose gel, then ligated into 
Bam Hi-digested and phosphatase-treated pGEX-2T as shown in 
Figures 12A. XL-1 blue bacteria (Stratagene, La Jolla, 

30 CA. ) were transformed with the pGEX-2T plasmid, or pQE-12 
plasmid and clones with the appropriate expression products 
were isolated. When the XL-1 cells were transformed with 
the pGEX-2T plasmid, the products were designated as IIIj-C 
and III^E. When the XL-1 cells were transformed with the 

35 pQE-12 plasmid, the product was call d QE-C. The positions 
of these polypeptides are illustrated in Figure 14. 
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For IIIj-C and IIIj-E, a clone with the 
appropriat expression product was isolated, and synthesis 
of the proteins was induced by growing the cultures in L- 
broth plus 50 pg/ml ampicillin, 0.01 mM IPTG for 18 hours 
5 at 37 °C with agitation. Cells were collected and lysed, 
and the glutathione-S-transf erase-protein expression 
products were purified by affinity chromatography on 
glutathione-agarose as described in Gearing et al . , 
Bio/Technology 7. 1157 (1989). The III^C or IIIj-E protein 

10 was cleaved away from its fusion partner by thrombin 
digestion according to Smith et al., Gene 67 . 31 (1988), at 
the site shown in Figure 12A. The reaction was carried out 
in 50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 2.5 mM CaCl 2 at 37 
°C for 12 hours. The digest was applied to an S-Sepharose 

15 column and the IIIj-C or IIIj-E protein was purified from 
digestion products by elution with an NaCl gradient of 0 to 
0.4M NaCl in 20 mM Tris-HCL, pH 6.8. The final protein 
preparations were greater than 95% pure as judged by SDS- 
PAGE and staining with Coomassie blue. The resulting 

20 proteins contain 2 amino acids at the amino terminus (Gly- 
Ser) and 8 amino acids at the carboxy terminus (Gly-Ser- 
Pro-Gly-Ile-His-Arg-Asp) (Sequence ID No. 11) which are not 
normally found in fibronectin. 

25 For the QE-C protein, a clone with the 

appropriate expression product was isolated, and synthesis 
of the protein was induced by growing the culture in L- 
broth plus 50 pg/ml ampicillin, 50 jug/ml kanamycin, 2 mM 
IPTG for 5 hours at 37 °C with agitation. The protein was 

30 prepared according to the manufacturer's recommendations. 
Briefly, cells were collected and lysed in 6 M guanidine 
HC1, 0.1 M NaH 2 P0«, 0.01 M Tris, pH 8.0, and the QE-C 
protein was purified by affinity chromatography on a Nickel 
NTA-agarose column (Qiagen Inc., Chatsworth, CA) . The 

35 column was washed with 8 M urea, 0.1 M NaH 2 PO«, 0.01 M Tris, 
pH 8.0, and the purified QE-C protein was then removed from 
the column with 8 M ur a, 0.1 M NaH 2 PO,, 0.01 M Tris, pH 
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5.9. The purified protein was dialyzed against phosphate- 
buffered saline to remove the urea buffer. The final QE-C 
protein preparation was greater than 95% pure as judged by 
SDS-PAGE and staining with Coomassie blue. The resulting 
5 protein contains 4 amino acids at the amino terminus (Met- 
Arg-Gly-Ser) (Sequence ID No. 12) and 10 amino acids at the 
carboxy terminus (Gly-Ser-Arg-Ser-His-His-His-His-His-His) 
(Sequence ID No. 13) which are not normally found in 
fibronectin. 

10 

Iodination of Proteins 
Proteins (3-100 jug of protein in 0.1 ml, 50 mM 
KP0 4 , pH 7.5) were iodinated by using lodo-Gen as described 
in Fraker et al., Biochem. Biophvs. Res. Commun. 80 , 849 
15 (1978). Typical values for specific activity were 
approximately 10 9 pCi/mmole for fibronectin, 5xl0 8 pCi/mmole 
for the 70 kDa fragment, 5x10 s ^Ci/mmole for the isolated 14 
kDa fragment and the rl4 kDa polypeptide, and 0.5 ^Ci/yg 
for hepar in-binding fragments. 

20 

EXAMPLE II 
ASSAYS 
Matrix Assays 
Matrix assembly assays were performed by using 
25 12S I-fibronectin, essentially as described previously 
(McKeown-Longo and Mosher, J. Cell Biol. 97:466-472 (1983); 
McKeown-Longo and Mosher (1985), supra). 

Prior to labeling, IMR cells were grown to 
30 confluence in 96-well dishes in a-MEM + 10% FCS (fetal calf 
serum) . Cells were labeled in a-MEM + 10% fibronectin- 
deficient FCS plus 5 jiCi/ml of 125 I- fibronectin. 
Fibronectin-deficient FCS was prepared by passing FCS over 
a gelatin-Sepharose column to remove fibronectin (Engvall 
35 and Ruoslahti, Int. J. Cancer 30 ; 1-q (1977)). The 
concentration of unlabeled fibronectin in a-MEM + 10% 
fibronectin-deficient FCS was approximately 0.2 pg/ml as 
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determined by ELISA using anti-bovine fibronectin 
antibodies. Where indicated, cells were labeled in the 
presence of excess non-radioactive competitor proteins such 
as fibronectin, the 70 kDa fragment, or polypeptides PI to 
5 P4. Cells that were labeled for 1 hour were washed four 
times with ice-cold PBS, then lysed in 1 N NaOH and cell- 
bound radioactivity was measured in the NaOH soluble 
fraction. Cells that were labeled with 125 I-heparin-binding 
fragments were also washed with PBS, then cells were 

10 solubilized with SDS-PAGE sample buffer (2% SDS, 67 mM 
Tris-HCl, pH 6.8, 10% glycerol, 0.03% bromophenol blue) and 
proteins were separated on BioRad 4-20% Ready Gels, 
followed by autoradiography. Cells that were labeled with 
1S5 I-fibronectin for 24 hours were washed as described above, 

15 then either lysed directly in 4% SDS, 25 mM Tris-HCl, 
pH 7.5, for a measure of total 125 I-fibronectin, or proteins 
were separated into 1% deoxycholate soluble and insoluble 
pools (pools I and II) as described by McKeown-Longo and 
Mosher (1985), supra. -The data presented in Figures 4 and 

20 9 (described in greater detail below) depict only specific 
" s I-fibronectin binding. Specific binding was defined as 
that amount of binding which was competed by 2 /iM unlabeled 
fibronectin, and was typically 60-70% of the total 
125 I-fibronectin binding. 

25 

Protein-protein binding assays 
Protein-protein binding assays were performed on 
Immulon 2, Removawell strips. Proteins were coated onto 
wells in 100 mM NajC0 3 , pH 9.5, in a moist chamber at 4°C 

30 over night. Fibronectin was coated at a concentration of 
approximately 4 pg/ml. The wells were washed three times 
with PBS followed by blocking with 0.2% bovine serum 
albumin in PBS (0.2% BSA) at 37 *C for 1 hour. Radiolabeled 
proteins were added to the wells in 0.2% BSA at 5^Ci/ml. 

35 Proteins were allow d to bind for 24 hours at 37 °C, then 
the wells were washed four times with 0.2% BSA, the wells 
were removed and the bound " 5 I radioisotope was measured. 
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All of the data represent specific binding, which 
is defined as binding to fibronectin minus binding to 
control wells coated with only 2% BSA« The specific 
binding is typically 75 to 80% of total binding. Binding 
5 data were analyzed by using the program LIGAND according to 
Munson et al., Anal. Biochem. 107 , 220 (1980). 

Affinity chromatography 
Polypeptides were coupled to CNBr-activated 
10 Sepharose CL-4B according to the manufacturer's 
recommendations. The concentration of polypeptide was 
typically 8-10 mg polypeptide /ml of resin. Fibronectin 
fragments or polypeptides were applied to affinity columns 
and the flow through fractions were collected. 

15 

For affinity chromatography relating to the 14kDa 
fragment, and polypeptides PI through P4, three ml of human 
plasma was passed over one ml columns of the polypeptides 
or gelatin-Sepharose as a positive control, or plain 

20 Sepharose as a negative control. The flow-through 
fractions were collected and the columns were washed with 
20 column volumes of PBS + 5 mM EDTA (PBS/EDTA) , followed 
by 3 column volumes of 0.2 M NaCl in PBS/EDTA. Bound 
proteins were then eluted with 2 volumes of 8 M urea in 

25 PBS/EDTA, the eluates were collected in two, 1-volume 
fractions. Equal volumes of each fraction were analyzed by 
SDS-PAGE on Novex 4-12% Tris-Glycine gels; proteins were 
visualized by staining with Coomassie blue. The 0.2 M NaCl 
in PBS/EDTA washes contained no significant amounts of 

30 protein and are therefore not shown in Figure 8. 

For affinity chromatography as used in Example 
IX, the columns were washed with 10 volumes of PBS. The 
bound proteins were eluted with 5 column volumes of 8M urea 
35 in PBS. The amount of protein eluted from the column was 
quantitated by measuring the A^ of the solutions. 
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Reduction and Alleviation of Proteins 
Reduction and alkylation of proteins eluted from 
the column was carried out at a concentration of 
approximately 1.2 mg/ml solution in 8M urea in PBS. The 
5 reduction was performed by adding DTT to a final 
concentration of 30mM and incubating the sample at 50 °C for 
1.5 hours. The sample was cooled at room temperature , and 
iodoacet amide was added to a final concentration of 60mM, 
and the solution was incubated in the dark at room 
10 temperature for 30 minutes. The protein was separated from 
DTT and iodoacetamide by gel filtration over a NAP-25 
column. 



15 



20 



In Vitro Cross-linking Assay 
In vitro cross-linking assays were performed by 
adding various concentrations of either QE-C or FN 10 
proteins to solutions of 5 ^Ci/ml 125 I-fibronectin in 2% 
bovine serum albumin in PBS. The FN 10 protein is a 
negative control protein produced in the pGEX-2T system, 
which encompasses the 10th type III repeat of fibronectin, 
and has no effect in f ibronectin-f ibronectin binding 
assays. The solutions were incubated at 37 °C for 20 hours, 
then samples were collected in SDS-PAGE sample buffer 
either with or without 1% 2-mercaptoethanol f in order to 
25 analyze the 125 I-f ibronectin both under reducing and non- 
reducing conditions. After SDS-PAGE, the gels were dried 
and exposed to x-ray film to visualize the fibronectin 
bands. The fibronectin dimer migrates as a band of 
approximately 450,000 daltons on a non-reduced gel. On a 
reduced gel fibronectin runs as a monomer at approximately 
250,000 daltons. Fibronectin from the matrix is disulfide 
cross-linked into high molecular weight (HMW) aggregates 
that typically run above 1,000,000 daltons on a non- 
reducing gel, and these HMW aggregates run at the same 
35 location as monomeric fibronectin on a reducing gel. The 
extend of in vitro disulfid cross-linking was determined 
by quantitating the amount of 125 I-f ibronectin migrating as 
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HMW aggregat s vs. th total amount added to th lane. 

Migration Assay (or "Wound" Assay) 
Migration was tested by using Chinese Hamster 
5 Ovary (CHO) cells in an in vitro "wounding" assay as 
described previously (Giancotti and Ruoslahti, Cell 
60,849(1990)). CHO cells are commercially available and 
have ATCC number CRL 9096. A3 is an overexpressor of the 
alpha-5 beta-1 integrin created by cDNA trans fection as 

10 described in the article cited above. Cll is a control- 
transf ected line expressing only the endogenous CHO alpha-5 
beta-1. As described in Example XIV below, cells were 
grown in the absence or presence of 50 jjM III^C for 48 
hours, then the culture was "wounded" by removing cells 

15 from the plastic dish by scraping the dish with a plastic 
pipette tip. The migration of the cells into the "wound" 
path was monitored by photography at various times. 

EXAMPLE III 

20 Identification of Fibronectin Fragments 

containing a First Binding Site 

To identify fibronectin fragments containing 
binding sites that may be important for matrix assembly, 

25 fibronectin was digested with chymotrypsin and the 
preparation was separated into heparin binding and gelatin 
binding fragments. The fragment preparations were then 
tested for their ability to inhibit fibronectin matrix 
assembly by using 125 I-f ibronectin and IMR-90 cells, as 

30 described by McKeown-Longo and Mosher (1985), supra , and 
Example II. Among the chymotryptic fragments, the heparin- 
binding fragments inhibited matrix assembly (Figure 1), 
whereas, the gelatin binding fragments had little effect. 

35 The experiments summarized in Figure 1 were 

carried out as follows. Conflu nt monolayers of IMR-90 
cells were incubated for 24 hours at 37 °C with 
125 I-fibronectin in the pr sence or absence of unlabeled 
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fibronectin (250 jjg/ml) , 70 kDa (70 jig/ml), or heparin- 
binding fragments (1 mg/ml). Cells were washed with PBS, 
then extracted into, deoxycholate soluble and insoluble 
pools as described above in Example II. The columns 
5 represent the amount of 12S I-fibronectin extracted in the 
deoxycholate insoluble pool. All values are averages of 
duplicate determinations. Cells were incubated with either 
no competitor (-), or fibronectin (FN), 70 kDa (7 OK), or 
heparin-binding fragments (HB) as competitors of 
10 12S I-fibronectin. 

To determine which fragments in the heparin- 
binding fragment preparation were responsible for 
inhibiting matrix assembly, 125 I-labeled heparin-binding 
15 fragments were incubated with cell monolayers. The 
fragments that bound to the cells were extracted and 
analyzed on SDS-PAGE. 

IMR-90 cells were incubated for one hour at 37 °C 
20 with 125 I-labeled heparin-binding fragments (2 /iCi/ml) in the 
presence or absence of unlabelled heparin-binding fragments 
(250 jjg/ml ), or 70 kDa (1 jM) . Cells were then washed with 
PBS and harvested for analysis by SDS-PAGE as described 
above. Lane A of Figure 2 shows a sample of the l25 I-labeled 
25 heparin-binding fragment starting material; lane B of 
Figure 2 shows fragments that bound in the absence of 
competition? lane C of Figure 2 shows fragments bound in 
the presence of unlabeled heparin-binding fragments; lane 
D of Figure 2 shows fragments bound in the presence of 
30 unlabeled 70 kDa. The positions of molecular mass 
standards are indicated to the left of the gel. 

Although the heparin-binding fragment preparation 
contains many polypeptides, ranging from 12 to 200 kDa, 
35 only two of these fragments, a 29 kDa fragment and 14 kDa 
fragment, bound to IMR-90 c lis (Figure 2, lane B) . The 
binding of both fragments was shown to be specific by 
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competition with excess unlabel d heparin-binding fragments 
(Figure 2, lanes B and C) . Since 29 kDa is the size of the 
amino terminal heparin binding domain, it was possible that 
the 29 kDa fragment observed binding to cells in this 
5 experiment represented that amino terminal fragment. To 
test this, cells were incubated with 125 I-labeled heparin- 
binding fragments in the presence of excess unlabeled amino 
terminal 70 kDa fragment. The unlabeled 70 kDa fragment 
competed for the 29 kDa heparin-binding fragment, 

10 indicating that this fragment did represent the amino 
terminal heparin binding domain (Figure 2, lane D) . 
Interestingly, the 70 kDa fragment did not compete for the 
14 kDa heparin-binding fragment (Figure 2, lane D), 
suggesting that the 14 kDa region is not represented in the 

15 70 kDa fragment. Thus, the 29 kDa fragment represents the 
amino terminal heparin binding region > while the 14 kDa 
fragment apparently lies somewhere outside the amino 
terminal 70 kDa region. 

20 The 29 kDa amino terminal fragment has been shown 

to inhibit matrix assembly. See, for example, McKeown- 
Longo and Mosher (1985), supra : McDonald et al., J. Biol. 
Chenu_262: 2957-2967 (1987); Quade and McDonald, J. Biol. 
ChCTu_263: 19602-19609 (1988)]. It was not clear, 

25 therefore, whether the inhibition of matrix assembly caused 
by heparin-binding fragments was due solely to the 29 kDa 
fragment, or whether the 14 kDa fragment shared such 
activity. 

30 To test this, the 14 kDa fragment was purified to 

homogeneity by using reverse phase HPLC (Figure 3A, lane 
b). Panel A of Figure 3 shows SDS-PAGE analysis of the 
heparin-binding fragment starting material (lane a), and 
the purified 14 kDa preparation (lane b). The gel was 

35 stained with coomassi blue. The positions of molecular 
mass standards are indicated to the left of the gel. The 
position of the 14 kDa fragment is indicated to the right 
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of the gel. Panel B of Figure 3 shows a diagram of 
fibronectin, outlining the locations of the 14 kDa fragment 
and the various other fragments relevant to the present 
invention. The three repeating units of fibronectin are 
depicted as follows; type I repeats, circles; type II 
repeats, diamonds; type III repeats, squares. The CS1 
region is depicted by a shaded oval. The amino terminal 
sequence of the 14 kDa fragment is shown with dashed lines 
extending to the location on the diagram representing the 
area covered by the 14 kDa fragment. 



The amino terminal sequence of the 14 kDa 
fragment (shown in Sequence ID No 1) corresponds to a 
region just past the beginning of the first fibronectin 

15 type III repeat (see Figure 3B) , starting at amino acid 
residue 600 of the mature protein (according to the 
numbering of Kornblihtt et al. (1985), supra ) . Judging 
from the size of the fragment, it is likely to encompass a 
sequence that extends partially into the second type III 

20 repeat. 

EXAMPLE IV 
Functional Bre vities of 14 kDa fragment 



Binding of the 14 kDa fragment to cells was 
tested by using IMR-90 cells, which construct an extensive 
fibronectin matrix, and HT-1080 cells, which produce no 
matrix, according to the procedure described in Example II. 
Cells were incubated with purified " S I-14 kDa in the 
presence or absence of unlabeled heparin-binding fragments 
or purified 14 kDa fragment. Approximately 50-60% of the 
125 I-14 kDa fragment that bound to IMR-90 cells was competed 
by unlabeled heparin-binding fragments or 14 kDa fragment. 
However binding to HT-1080 cells was only at the level of 
non-specific binding to IMR-90 cells, and none of the 125 I-14 
kDa that bound to HT-1080 cells was comp t d by unlabeled 
heparin-binding fragments. These data indicate that the 14 
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JcDa fragment binds sp cifically to IMR-90 cells but not to 
HT-1080 cells. 

The purified 14 kDa fragment was tested for its 
5 ability to inhibit matrix assembly. IMR-90 cells were 
incubated with 125 I-f ibronectin in various concentrations of 
excess unlabeled f ibronectin 70 kDa fragment or 14 kDa 
fragment. Cells were labeled for either 1 hour to assay 
for f ibronectin binding to cell surfaces, or 24 hours to 
10 assay for f ibronectin incorporation into the extracellular 
matrix. 

With reference to Figure 4, confluent monolayers 
of IMR-90 cells were labeled with 125 I- fibronectin in the 

15 presence of various concentrations of unlabeled f ibronectin 
(i) r 70 kDa (§), or 14 kDa (a), m panel A, cells were 
labeled for one hour, washed, and the total radioactivity 
bound was measured. In panel B, cells were labeled for 24 
hours and the amount of 125 I-fibronectin in the deoxycholate 

20 insoluble pool was measured. Each data point is the 
average of duplicate determinations. 

Both f ibronectin and the 70 kDa fragment 
completely inhibited the binding of 125 I-f ibronectin to 

25 cells, but the 14 kDa fragment only partially reduced the 
amount of 125 I-f ibronectin bound to cells (Figure 4A) . The 
14 kDa fragment had a much more pronounced effect on the 
amount of fibronectin incorporated into the extracellular 
matrix after 24 hours of incubation with 125 I-f ibronectin. 

30 As shown in Figure 4B, the 14 kDa fragment inhibited 
fibronectin matrix assembly by approximately 70% (at 5 pM, 
the highest concentration tested) . The IC 50 of the 14 kDa 
fragment was between 1-2 yM, which was 5-10 fold higher 
than that of fibronectin or the 70 kDa fragment. Thus, the 

35 purified 14 kDa fragment inhibited fibronectin matrix 
assembly in this assay, and the inhibitory effect seen with 
heparin-binding fragments was likely due to a combination 
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of the effects of both the 29 kDa and the 14 kDa fragments. 

EXAMPLE V 

Mechanistic stu dies regarding the 14 kDa fragment 

To examine the mechanism by which the 14 kDa 
fragment inhibits matrix assembly, the ability of this 
fragment to interact with f ibronectin was tested according 
to the procedure described in Example II. Fibronectin was 
coated onto plastic wells in concentrations ranging from 0- 
100 yg/ml, blocked with BSA, then the wells were probed 
with 125 I-labeled 14 kDa fragment (panel A) or " 5 I-labeled 
fibronectin (panel B) for 2 hours at 37°C. The amount of 
radioiodinated protein bound was measured after washing 
15 extensively with 0.2% BSA in PBS. Each data point is the 
average of duplicate determinations. 

As shown in Figure 5, 125 I- fibronectin and 125 I-14 
kDa fragment both bound to fibronectin coated on the 
plastic in a dose dependent manner. The total 125 I-14 kDa 
bound was approximately 10 fold higher than the total 
amount of " s I-f ibronectin bound, as can be seen by comparing 
Figure 5A (14 kDa fragment) to 5B (full-length 
fibronectin) . Taking into account the specific activities 
and the amounts of each protein added, this indicated that 
the maximal binding of the 14 kDa fragment to fibronectin 
was 5-10 fold more efficient (on a molar basis) than 
fibronectin binding to fibronectin. 

30 The ability of the 14 kDa fragment to compete for 

fibronectin-f ibronectin binding was then tested as follows. 
Plastic wells were coated with 5 pg/ml fibronectin, blocked 
with BSA, then probed with » 5 I-14 kDa (Figure 6, panel A) , 
or " s I-f ibronectin (Figure 6, panel B) , in the presence of 

35 vari us concentrations of unlabeled 14 kDa (a) or 
fibronectin (I) . The solutions were incubated for 2 hours 
at 37 °C, followed by xtensive washing with 0.2% BSA in 



20 



25 
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PBS, and measurement of the radioactivity bound to the 
wells. Each data point is the average of duplicate 
determinations • 

5 As seen in Figure 6, the unlabeled 14 kDa 

fragment competed efficiently for the binding of 125 I-14 kDa 
fragment to fibronectin, thereby demonstrating the 
specificity of this binding (Figure 6A) . Yet f unlabeled 
fibronectin did not compete for the binding of 125 I-14 kDa 
10 fragment to fibronectin. One explanation for this is that 
the unlabeled fibronectin is binding to the fibronectin 
coating f and that ias I-14 kDa fragment then binds to either 
the coated or the adsorbed fibronectin. 

15 Besides competing for 14 kDa- fibronectin binding f 

the excess unlabeled 14 kDa fragment also competed for 
fibronectin-fibronectin binding (Figure 6B) . At the 
highest concentration tested (5 jiM) , the 14 kDa fragment 
inhibited the binding of fibronectin to fibronectin by more 

20 than 50%. As with 14 kDa-fibronectin binding f unlabeled 
fibronectin did not compete for the fibronectin-fibronectin 
binding, probably for the reasons mentioned above. Thus, 
the 14 kDa fragment of fibronectin that inhibited matrix 
assembly, also binds to fibronectin directly, and inhibits 

25 fibronectin-fibronectin association. 

EXAMPLE VI 

Synthetic subfraaments of the 14 kDa polypeptide 

30 Four polypeptides (of 30-34 amino acids each) 

were synthesized, representing the region of fibronectin 
encompassed by the 14 kDa fragment (polypeptides Pi, P2, 
P3, and P4) . These polypeptides were tested for inhibition 
of the 14 kDa-fibronectin association according to the 

35 procedure described in Example II as follows. Plastic 
wells wete coated with 5 pg/ml fibronectin, blocked with 
BSA, then probed with 125 I-labeled 14 kDa fragment (panel A) , 
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or 125 I-labeled fibronectin (panel B) , in the presence of 
various concentrations of unlabeled heparin-binding 
fragments (■), polypeptide PI (•) , polypeptide P2 (*), 
polypeptide P3 (□), or an a 5 cytoplasmic domain polypeptide 
5 as a negative control (o). The solutions were incubated 
for 2 hours at 37 °C, followed by extensive washing with 
0.2% BSA in PBS, and measurement of the radioactivity bound 
to the wells. The concentration values shown in Figure 7 
for heparin-binding fragments refer to the final 
10 concentrations of the 14 kDa fragment in the solutions. 

Polypeptide PI was the most efficient at 
inhibiting the binding of the 14 kDa fragment to 
fibronectin, with an IC 50 of 1 ptMj polypeptides P2 and P3 

15 were approximately 100-fold less potent (Figure 7A) . 
Polypeptide P4 did not significantly inhibit the 14 kDa- 
fibronectin association, rather, at concentrations above 
100 }M, it stimulated this association. The reason for the 
enhancement of binding- by polypeptide P4 is not clear; it 

20 is possible that polypeptide P4 represents part of a 
fibronectin binding domain. As shown in Figure 7, a non- 
related polypeptide (a polypeptide representing the 
cytoplasmic domain of the integrin ot 5 subunit) had no effect 
on 14 kDa- fibronectin association. 

25 

Since the 14 kDa fragment was found to inhibit 
fibronectin-fibronectin association, it was next tested 
whether any of the polypeptides representing the 14 kDa 
region could also inhibit the binding of fibronectin to 
30 itself. Once again polypeptide PI proved to be the most 
potent, inhibiting fibronectin self -association with an IC 50 
of approximately 1 pM (Figure 7B). Polypeptide P3 also 
significantly inhibited fibronectin-fibronectin binding 
with an IC 50 of 200-300 jito (Figure 7B) . 

35 

While polypeptide PI inhibited fibronectin- 
fibr nectin association at low concentrations (0.1 to 50 
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fiM) , at high concentrations it actually enhanced the 
binding of fibronectin to the wells (Figure 7B). At high 
concentrations, it has been found that polypeptide PI 
aggregates and can be pelleted by high speed 
5 centrifugation. This phenomenon does not occur with 
polypeptide P2 . It is possible that at high concentrations 
polypeptide PI aggregates into multimers and binds to the 
coated fibronectin and that the 125 I-fibronectin probe 
becomes incorporated into these polypeptide Pi /fibronectin 

10 complexes. This could lead to the observed increase in 
signal seen with Pi concentrations above 100 pM, because as 
shown below, fibronectin binds directly to polypeptide Pi. 
Moreover, this explanation was supported by the 
demonstration that polypeptide PI could be pelleted by 

15 centrifugation from solutions containing more than 100 }M 
of polypeptide. Thus, the ability of the 14 kDa fragment 
to inhibit f ibronectin-f ibronectin binding was also shared 
by polypeptide PI, which was modeled after the amino 
terminal 31 residues of the 14 kDa fragment. 

20 

The inhibition of f ibronectin-fibronectin 
association by polypeptide PI implies that PI binds to 
fibronectin. To study the binding of fibronectin to Pi or 
the other polypeptides, the polypeptides were covalently 
25 linked to Sepharose beads, and the resins were tested in 
affinity chromatography assays by using human plasma as a 
source of fibronectin, according to the procedure described 
in Example II. 



30 With respect to Figure 8, human plasma was 

applied to either gelatin-Sepharose (lanes 2-4) or columns 
made of polypeptide Pi (lanes 5-7) or P2 (lanes 8-10) 
coupled to Sepharose. The unbound fraction of proteins was 
collected, the columns were washed with PBS + 5 mM EDTA 

35 (PBS /EDTA) , followed by 0.2 M NaCl in PBS /EDTA. Proteins 
remaining bound to the columns were eluted with 8 M urea in 
PBS /EDTA. Lane 1 contains starting material. Lanes 2, 5 
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and 8 are the flow-through fractions from the gelatin, Pi, 
and P2, columns , respectively. Lanes 3-4, 6-7, and 9-10 
are the first and second urea eluates from the gelatin, Pi, 
and P2, columns, respectively. The positions of molecular 
5 mass standards are indicated to the left of the figure. 
The position of fibronectin is indicated to the right of 
the figure. 

Upon inspection of Figure 8, it is seen that most 
10 of the fibronectin was removed from plasma by passage over 
either a gelatin or a PI column (Figure 8, lanes 2 and 5). 
The capacity of the PI column for fibronectin was 
comparable to that of gelatin-Sepharose, which is known to 
be 0.5 mg fibronectin/mg gelatin (Engvall and Ruoslahti, 
15 supra) . The bound fibronectin was not eluted by 0.3 M 
NaCl, but it was completely removed from both the gelatin 
and PI columns by 8 M urea (Figure 8, lanes 3,4,6 and 7) . 
A solution of PI will also elute fibronectin from the Pi 
column. The preparation eluted from the PI column with 8 
20 M urea (Figure 8) contained some other plasma proteins, but 
was greatly enriched in fibronectin. This indicates that 
fibronectin binds efficiently to polypeptide Pi. 

There is yet a third similarity between 
25 polypeptide PI and the 14 kDa fragment. Confluent 
monolayers of IMR-90 cells were incubated with X25 I- 
fibronectin in the presence of various concentrations of 
unlabeled fibronectin (■), polypeptide Pi (•), or 
polypeptide P2 ( * ) , according to the procedure described in 
30 Example II. In panel A of Figure 9, cells were incubated 
for one hour, washed, and the total bound radioactivity was 
measured. In panel B of Figure 9, cells were incubated for 
24 hours, washed, and the total amount of 125 I-f ibronectin 
was measured. Each data point is the average of duplicate 
35 determinations. 



Testing of polypeptides PI to P4 in the 1 hour 
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matrix assembly assay showed that/ among the four 
polypeptides, polypeptide PI inhibited the binding of 
12S I-fibronectin to cells most efficiently, by approximately 
40-50% (Figure 9A) . The other polypeptides also were 
5 somewhat effective in the 1 hour assay, typically 
inhibiting by approximately 25% (the result for P2 is shown 
in Figure 9A) • The effect of these polypeptides is not as 
pronounced as that of the well-known effect of the 70 kDa 
fragment at preventing fibronectin binding to cells, as 
10 noted in the literature. 

As with the 1 4 kDa fragment , polypeptide P 1 
dramatically reduced the incorporation of fibronectin into 
the matrix in a 24 hour assay. (Figure 9B) . Maximal 
15 inhibition of the incorporation of fibronectin into the 
matrix by approximately 80% was obtained at a polypeptide 
PI concentration of 250-500 pM. 

Cells that were treated with polypeptide PI at 
20 concentrations above 500 pM exhibited an unusually high 
level of 125 I-fibronectin signal in the matrix assembly 
assay. As mentioned above, polypeptide PI tended to 
aggregate at high concentrations. It is possible that at 
concentrations above 500 polypeptide Pi aggregated on 
25 cell surfaces, or onto the plastic surface, and thereby 
caused adsorption of 125 I-f ibronectin. 

To determine whether polypeptide PI and the 70 
kDa fragment could cooperate in the inhibition of matrix 

30 assembly, mixing experiments were done by treating cells 
with a constant amount of unlabeled 70 kDa (0.03 jiH) , and 
adding various amounts of polypeptide Pi (from 0-500 jiM) . 
In the presence of the 70 kDa fragment, the maximal 
inhibition by polypeptide PI was obtained at a 

35 concentration of 250-500 pM. Thus, there was no increase 
in the effective concentration for inhibition by 
polyp ptide PI in the presence of the 70 kDa fragment and 
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the combined effect was additive, not synergistic. 

The data presented above demonstrate that 
polypeptide PI inhibits matrix assembly in a manner similar 
5 to that of the 14 kDa fragment. Both the 14 kDa fragment 
and polypeptide PI have a small effect on the binding of 
fibronectin to cell surfaces, but both significantly 
inhibit the incorporation of fibronectin into the 
extracellular matrix. 

10 

EXAMPLE VII 

Effect of 14 kDa polypeptide on endogenous 
fibronectin matrix assembly 

15 All of the experiments presented thus far have 

focused on the assembly of exogenous fibronectin into the 
matrix. The effect of the 14 kDa polypeptides on 
endogenous fibronectin matrix assembly has also been 
studied. Endogenous fibronectin matrix assembly is the 

20 matrix made by the cells during the period of the assays, 
whereas exogenous matrix assembly is not made by the cells 
during the period of the assay. 

The following experiment was performed. IMR-90 
25 cells were seeded onto Lab-Tek 8 well Chamber slides which 
had been precoated with 50 pg/ml collagen type I to enhance 
the attachment of cells to the wells. After attaching for 
1 hour at 37°C, cells were washed once with a-MEM plus 10% 
fibronectin-deficient FCS, then cultured for 48 hours in 
30 10% fibronectin-deficient medium plus either no additions 
(A), or 1 mg/ml 70 kDa fragment (B), or 500 pM polypeptide 
PI (C), or 500 polypeptide P2 (D) . Cells were then 
fixed with 3.7% paraformaldehyde, 60mM sucrose, in PBS, pH 
7.4 for 30 minutes at room temperature. Cell layers were 
35 washed three times with 0.2% BSA in PBS, then stained with 
10 /ig/ml pf affinity-purified, rhodamine labeled rabbit 
anti-human fibronectin antibodies as described above. The 
panels in Figure 10 show repr sentative fields from each 
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culture (A) through (D) . The bar in Figure 10 equals 25 
put. 

Shortly after seeding, cells were grown in the 
5 presence of various concentrations of the 70 kDa fragment, 
or polypeptides PI or P2 for 48 hours. As shown previously 
see McDonald et al., supra , high concentrations of the 70 
kDa fragment inhibited endogenous matrix assembly (Figure 
10B) • Subconf luent cultures were studied because it has 

10 been found that the effect of the polypeptides on matrix 
assembly was more pronounced in subconf luent cultures than 
in confluent cultures. Polypeptide PI was the most 
effective at disrupting endogenous fibronectin matrix 
assembly. As seen in Figure 10C, in the presence of 

15 polypeptide Pi only short stitches of matrix were seen on 
the cells, and those stitches were usually located at the 
edges of cells, with little or no fibrils located above or 
beneath the cell bodies. However, in the presence of 
polypeptide P2 an extensive matrix surrounded the cells 

20 (Figure 10D). Thus polypeptide PI disrupted endogenous 
fibronectin matrix assembly, while polypeptide P2 did not. 

EXAMPLE VIII 
Promotion of cell attachment 

25 

To determine whether fibronectin which is bound 
to polypeptide PI is capable of supporting cell adhesion, 
plastic wells were coated with polypeptide Pi, then 
fibronectin in solution was bound to the coated 
30 polypeptide, and cells were seeded onto this substrate to 
assay the extent of cell adhesion. Two experiments were 
then performed. 

In the first experiment, polypeptide PI and a 
35 control polypeptide (repres nting the cytoplasmic domain of 
the integrin a 4 subunit) were coated onto plastic wells at 
various concentrations in the presence of 0.1 M Na 2 C0 3 , pH 



WO 93/15203 



PCI7US93/00909 



10 



41 

9.5, and 0.25% glutaraldehyde . The wells were then blocked 
with 1% BSA in PBS, followed by the addition of 250 yg/ml 
of fibronectin, 1% BSA, in PBS. After incubation of this 
solution of fibronectin and BSA for 3 hours, the wells were 
washed, and IMR-90 cells were seeded onto the dishes for 
one hour at 37 °C in media lacking calf serum. 

The degree of cell attachment was quantitated by 
staining cells with 0.5% Crystal Violet, 50% ethanol, and 
measuring the amount of dye bound to the cells in the 
wells. As shown in Figure 11, panel A, polypeptide PI 
supported cell adhesion in a dose dependent manner after 
binding fibronectin. When no polypeptide was coated onto 
the dish, no cell adhesion was detected, indicating that 
15 polypeptide PI was required for cell adhesion. The control 
polypeptide gave a relatively high background (as can be 
seen by the amount of cell adhesion even at low levels of 
polypeptide a 4 coating) , and did not support significantly 
greater cell adhesion at higher levels of polypeptide 
coating, indicating a non-specific adhesion of cells to the 
wells coated with the ct 4 polypeptide. 



20 



In the second experiment, a constant 
concentration (1 mM) of polypeptide PI (or a 4 ) was coated 

25 onto the plastic wells, the wells were blocked with 1% BSA, 
and then various concentrations of fibronectin in 1% BSA 
were incubated for 3 hours with the polypeptide-coated 
wells. After washing the wells, IMR-90 cells were seeded 
onto the wells and the degree of cell adhesion was 

30 determined as described above. As shown in Figure 11, 
panel B, polypeptide PI supported a higher degree of cell 
adhesion than did polypeptide a 4 . This cell adhesion 
required incubation with fibronectin, since the degree of 
cell adhesion was directly related to the concentration of 

35 fibronectin in solution. 



Th above data indicate that fibronectin binds to 
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polypeptide PI which is coated onto a substrate, and that 
the bound fibronectin is capable of supporting cell 
adhesion, thereby demonstrating that polypeptide is useful 
for promoting cell attachment. 

5 

EXAMPLE IX 

Locating a Second Binding Site which binds to 
the Pi Polypeptide 

To locate a second fibronectin binding site which 

10 binds to the first binding site contained in the IIIj 
repeat, fibronectin ( 2mg/ml) was digested with cathepsin-D 
and the non-gelatin binding fragments were applied to 1 ml 
affinity columns in 5 ml aliquots. The columns were run 
and eluted as described in Example I. The columns 

15 contained either the active III! polypeptide Pi, derived 
from III X , or polypeptide P2, which is also derived from 
IIIj but inactive in f ibronectin-fibronectin binding assays, 
as described above in Example VI. Fractions were run on a 
gel under reducing conditions and stained with Coomassie 

20 blue (Figure 13A) . The positions of molecular mass 
standards are indicated to the left of the gel. Lanes 2 
and 4 show the unbound fractions, and lanes 3 and 5 show 
the bound fractions from the PI and P2 columns 
respectively. As can be seen in Figure 13A, lane 3, PI* 

25 Sepharose bound fragments ranging in size from 18 kDa to 
120 kDa. The fragments that bound to Pl-Sepharose bound 
with high avidity; the unbound fraction was essentially 
devoid of these fragments ( lane 2 ) . On P2-Sepharose 
essentially all of the fragments were in the unbound 

30 fraction (Figure 13A, lane 4). Thus, several of the 
cathepsin-D fragments of fibronectin bound specifically to 
Pl-Sepharose and not to P2-Sepharose. 

The fragments which bound to Pl-Sepharose (lane 
35 3} were then subjected to reduction and alkylation 
according to the procedure described in Example I. The 
reduced and alkylated fractions were th n reapplied to a 
Pl-Sepharose column. The bound and unbound fragments were 
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run on a gel under non-reducing conditions. The proteins 
were stained with Coomassie blu , and the positions of the 
molecular mass standards are indicated to the left of the 
gel. Figure 13B shows the Pl-binding fragments before 
5 (lane 1) and after (lane 2) reduction and alkylation. Lane 
3 shows the unbound fraction from the reapplied material, 
and lane 4 shows the bound fraction. The positions of a 63 
kDa, 36 kDa, and 18 kDa fragment which bind to the Pi 
column are indicated to the right of the gel in Figure 13B. 

10 

Analysis of the Pl-binding fragments before 
(Figure 13B, lane 1) and after (Figure 13B, lane 2) 
reduction and alkylation indicated many of the fragments 
contained disulfide bonds. Therefore some of the fragments 

15 that bound to Pl-Sepharose may have bound only because they 
were cross-linked to fragments with binding activity. When 
reduced and alkylated Pl-binding fragments were reapplied 
to a Pl-Sepharose column most of the fragments that had 
originally bound retained the binding activity (Figure 13B, 

20 lane 4), except that a few less abundant fragments were now 
in the unbound fraction (Figure 13B, lane 3). In a 
separate experiment it was found that several of the 
fragments remained bound to Pl-Sepharose even after washing 
the column with 1 M urea. In particular, the 18 kDa 

25 fragment required 3 to 4 M urea for elution, whereas the 
other fragments eluted between 1 and 3 M urea (not shown) . 
That disulfide bonds were not required for the binding 
suggests that the binding site may be a linear sequence. 

30 Three of the Pl-binding fragments, the 63 kDa, 36 

kDa, and the 18 kDa fragments were further analyzed by 
amino-terminal sequencing as described in Example I. The 
amino terminal residue of the 63 kDa fragment corresponds 
to amino acid number 1583 (according to the number system 

35 of Kornbliht et al., (1985) supra ) , which is in the 11th 
type III repeat of EDa+, EDb- (Extra Domains a and b) 
fibronectin as shown in Figure 14. EDa+ and EDb- refers 
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to two extra type III repeats that are spliced into the 
fibronectin molecule. The amino termini of the 36 kDa and 
18 kDa fragments correspond to amino acid numbers 2022 and 
2154 , respectively. These fragments start in the IIICS 
5 module , and in the middle of the 10th type I repeat, 
respectively as seen in Figure 14. Figure 14 shows the 
diagram of fibronectin outlining the locations of the 
recombinant 14 kDa fragment , the amino-terminal 70 kDa 
fragment, the cell-binding RGD tripeptide, and the regions 

10 represented by the 63 kDa, 36 kDA, and 18 kDa Pl-binding 
fragments. The amino terminal sequenced obtained from the 
fragments are shown underneath each fragment. These are 
AQNPS (Sequence ID No. 14) for the 63 kDa fragment, EEHGF 
for the 36 kDa fragment (Sequence ID No. 15), and AVGDE 

15 (Sequence ID No. 16) for the 18 kDa fragment. The three 
repeating units of fibronectin are depicted as follows: 
type I repeats (circles), type II repeats (diamonds), and 
type III repeats (squares). The IIICS regions is depicted 
by a shaded oval. 

20 

The sizes of these three fragments, along with 
the finding that these fragments were not detected in the 
non-reduced samples of Pl-binding fragments, indicate that 
all three of the fragments are likely to extend to the 

25 carboxy terminus where the fibronectin molecule is 
dimerized through disulfide bonds. Thus, the region that 
these three fragments share is the region encompassed by 
the 18 kDa fragment? type I repeats 11, 12, and half of 
number 10. These results indicate that the site that binds 

30 to PI is contained in the carboxy-terminal type I repeats 
of fibronectin. 

In order to localize further the Pl-binding site, 
polypeptides representing the entire 11th type I repeat and 
35 th entire 12th typ I r p at were synthesized at the 
Protein Chemistry Laboratory at the La Jolla Cancer 
Research Foundation after being purified by reverse phase 
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HPLC. These polypeptides are referred to as Pll 

(representing the 11th typ I repeat) and P12 (representing 
the 12th type I repeat) respectively. The sequence of Pll 
is RWSHDNGVNY KIGEKWDRQG ENGQMMSSTS LGNGKGEFKS DPHE 
5 (Sequence ID No 6), and the sequence of P12 is ATSYDDGKTY 
HVGEQWQKEY LGAISSSTSF GGQRGWRSDN SR (Sequence ID No 7). 
The cysteines in the sequence of the type I repeats have 
been replaced by serines in the synthetic polypeptides Pll 
and P12. The Pll and P12 polypeptides were applied to 1 ml - 

10 Pl-Sepharose and P2-Sepharose affinity columns. 2 ml of 
500 pg/ml solutions of Pll and P12 were applied to each 
column. Figure 15A shows the total percentage of starting 
material that bound to each column. As shown in Figure 
15A, the most efficient binding was between polypeptide Pll 

15 and Pl-Sepharose. Neither Pll nor P12 bound well to P2- 
Sepharose, and the binding of P12 to Pl-Sepharose was less 
than half as efficient as the binding of Pll as seen in 
Figure 15A. 



20 In a reciprocal experiment, the rl4 kDa protein 

which contains most of the III X module, was applied to 
affinity columns made of Pll-Sepharose or P12-Sepharose. 
1 ml of a 250 jig /ml solution was applied to 0.5-ml columns. 
The results are shown in Figure 15B. Approximately 25% of 

25 the rl4 kDa protein added to the columns bound to Pll- 
Sepharose, while only 4.8% bound to P12-Sepharose, and 2.3% 
bound to a Sepharose CL-4B column used as a control as seen 
in Figure 15B. The results of both affinity chromatography 
experiments indicate that the Pl-binding site is located in 

30 the 11th type-I repeat. 



35 



EXAMPLE X 

Effect of Pll on Fi bronectin-Fibronectin Binding 
and the Binding of the III T -E polypeptide to Fibronectin 

If th binding site which binds the PI 
polypeptide (repeat ui x ) is contain d in either Pll or P12, 
one would expect one of these polypeptides to inhibit the 
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binding of one of the 14 kDa fragm nt-derived polypeptides 
such as IIIj-E to fibronectin as well as fibronectin- 
fibronectin binding. The following experiments were 
performed to address this hypothesis according to the 
5 procedure described in Example II. Plastic wells were 
coated with 4 pg/ml fibronectin, blocked with BSA, then 
probed with ^-IIIj-E (A), or l25 I- fibronectin (B) in the 
presence of various concentrations of unlabeled fibronectin 
(•), IIIj-E (o), polypeptide PI (a), polypeptide Pll (I) , or 
10 polypeptide P12 (□) . The solutions were incubated for 24 
hours at 37 °C, followed by extensive washing with PBS, and 
measurement of the radioactivity bound to the wells. Each 
data point is the average of duplicate determinations . 

15 As shown in Figure 16A, polypeptide Pll inhibited 

IIIj-E-fibronectin binding at concentrations above 10 pM. 
Polypeptide Pll was approximately 500-fold less potent in 
this inhibition than III r -E, and 50- to 100-fold less potent 
than polypeptide PI on a molar basis. 

20 

Polypeptide Pll also inhibited fibronectin self- 
association at concentrations above 10 pM, as seen in 
Figure 16B . Polypeptide Pll inhibited f ibronectin- 
fibronectin binding at all concentrations above 10 /iM. 

25 This is in contrast to the biphasic nature of the effects 
of IIIj-E and polypeptide Pi on fibronectin- fibronectin 
binding; they inhibit the binding at low concentrations , 
yet enhance binding at higher concentrations as can be seen 
in Figure 16B. The biphasic nature of the effects of IIIj-E 

30 kDa and polypeptide PI result in maximal levels of 
inhibition of no more than 50 to 60% , whereas, polypeptide 
Pll can inhibit fibronectin-f ibronectin binding by as much 
as 80%. 
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EXAMPLE XI 

Characteriz ation of Fibronectin-Fibronectin Binding Sites 

Since IIIj-E and PI polypeptide binds to I lx repeat 
5 section in fibronectin, data from several binding 
experiments were used to determine the affinity of III^E 
for fibronectin, and of fibronectin for fibronectin. The 
binding data from the experiment shown in Figure 16 was 
analyzed with the aid of the program LIGAND. The Scatchard 

10 curve derived from the competition of III x -E-f ibronectin 
binding by unlabeled III^E is shown in 17A. The curve 
derived from the competition of f ibronectin-f ibronectin 
binding by unlabeled fibronectin is shown in 17B. In both 
cases the binding data best fit a model with two classes of 

15 binding sites, one high affinity, low abundance site, and 
one low affinity, higher abundance site. The K D of the high 
affinity site for the IIIj-E-f ibronectin binding was 6xl0" 8 
M with approximately 1-2 binding sites per fibronectin 
dimer, and the K D of the low affinity site was 6xl0- 7 M, with 

20 approximately 10 binding sites per fibronectin dimer, as 
determined from the Scatchard plot shown in Figure 17A. 
Fibronectin-fibronectin binding results also indicated 
binding to two classes of sites. In this case, the high 
affinity site had a K D of 8xl0" 9 M, with 1 to 2 binding sites 

25 per 1000 fibronectin dimers, while the low affinity site 
had a K D of 8xl0- 7 M, with 1 to 2 sites per fibronectin dimer 
as shown in Figure 17B. The difference in number of 
binding sites in fibronectin for the Hi^E in comparison to 
fibronectin (ten-fold more low affinity sites and 1000-fold 

30 more high affinity sites) may be attributed to the possible 
masking of binding sites in soluble fibronectin due to the 
folding of the amino terminus of fibronectin over the 11^ 
region . 

35 The results of Examples IX through XI 

demonstrates that th fibronectin binding site in the first 
type III (Illi) repeat of the amino-terminal portion of 
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fibronectin binds to the 11th type I (I u ) repeat near the 
carboxy terminus of fibronectin and that a polypeptide 
representing I n (Pll) inhibits fibronectin self- 
association. The importance of the interaction between the 
5 I 1X repeat and the III,, repeat in fibronectin matrix assembly 
is demonstrated in the above Examples, where polypeptides 
derived from the III X and I 1X sites are shown to inhibit 
fibronectin self-assembly, which is likely to be a crucial 
step in matrix assembly. Furthermore, the Scatchard plot 

10 analysis indicates that fibronectin self -association occurs 
through multiple sites of interaction. According to this 
model, the dimeric nature of fibronectin would allow the 
amino terminal regions of two molecules to be brought 
together by having the III X repeat bind to the I 1X repeat of 

15 a third molecule. This model is shown in Figure 18, which 
illustrates the alignment of fibronectin molecules to one 
another in a fiber. The repeating units of fibronectin are 
depicted as follows: type I repeats, triangles; type II 
repeats, ovals; type III repeats, squares. The III X repeat 

20 is shaded with a black stripe indicating the location of 
the PI regions. The I n repeat is shown as a black 
triangle. The type III repeat that contains the RGD cell- 
binding tripeptide and the IIICS module are shown as a 
striped square and a rounded rectangle, respectively. The 

25 location of the amino-terminal 29 kDa region is also shown. 
As can be seen in Figure 18, the model requires that the 
amino terminus fold away from the backbone of the fibril as 
shown. Such folding would allow for the binding of the 
adjacent amino termini to one another. This model would 

30 predict that the intermolecular disulfide bond that is 
formed during matrix assembly would cross-link the amino 
termini of two molecules together. 



Example XII 

35 Stimulation of In Vitro Disulfide Cross-Linking 

of Fibronectin bv OE-C 



Since polypeptides and recombinant proteins from 



WO 93/15203 



PCT/US93/00909 



49 

the III! region were able to enhance f ibronectin-f ibronectin 
binding at higher concentrations, another assay was used to 
determine whether such a protein could stimulate in vitro 
disulfide cross-linking of f ibronectin, in the absence of 
5 cells, according to the procedure described in Example II. 
125 I-fibronectin was incubated with various concentrations 
of either QE-C, or FN 10 (a negative control recombinant 
protein encompassing the 10th type III repeat in 
f ibronectin as described in Example II), and the extent of 

10 disulfide cross-linking that resulted in the formation of 
high molecular weight (HMW) aggregates of f ibronectin was 
determined. As shown in Figure 19, the FN 10 protein had 
no effect on the disulfide cross-linking state of 
f ibronectin; the amount of HMW aggregates was no higher in 

15 the FN 10 samples than in the control sample receiving no 
additional protein. However, in the presence of QE-C there 
was a dramatic induction of disulfide cross-linking of 
f ibronectin. In the presence of 10 QE-C approximately 
20% of the f ibronectin in the sample was present in HMW 

20 aggregates. This indicates that QE-C is able to cause the 
disulfide cross-linking of f ibronectin to HMW aggregates, 
even in the absence of cells or any other proteins (except 
for the BSA that served as a carrier protein in all of the 
samples). This also indicates that QE-C may be able to 

25 nucleate f ibronectin fibrillogenesis, since this process is 
characterized by the disulfide cross-linking of f ibronectin 
into HMW aggregates. 

Example XIII 

30 Enhance ment of Fibronectin Matrix Assembly bv III^ C 

Since the polypeptides derived from the 
region of fibronectin were able to enhance fibronectin- 
f ibronectin binding in vitro . and were able to induce 
35 fibronectin disulfide cross-linking in vitro , w tested 
whether such recombinant fragments would have an effect on 
fibronectin matrix assembly when added to cells in tissue 
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culture. As shown in Figure 20 , IIIj-C was quite effective 
in enhancing the deposition of fibronectin into the matrix 
of the CHO cell line Cll. There was typically over a 5- 
fold induction of fibronectin matrix assembly by 50 }M IIIj- 
5 C in these assays. Thus, in addition to stimulating 
fibronectin-f ibronectin binding and cross-linking in vitro , 
the Illi-C protein was able to enhance fibronectin matrix 
assembly in tissue culture cells. 

10 Example XIV 

Inhibition of CHO Cell Migration by III^C 

It is known from previous work (see Giancotti and 
Ruoslahti, (1990), supra ) that there is a correlation 

15 between an increase in fibronectin matrix assembly and the 
decrease in tumorigenic phenotype. Since the polypeptides 
of the present invention, including the recombinant 
polypeptides are able to modulate fibronectin matrix 
assembly, these proteins were tested to determine if they 

20 could modulate the tumorigenic phenotype of cells. The Cll 
CHO cell line, which does not overexpress alpha- 5 beta-1 
fibronectin receptors, and is tumorigenic, was grown in the 
presence or absence of 50 /iM III^C. As a comparison, A3 
CHO cells, which do overexpress alpha-5 beta-1 fibronectin 

25 receptors and are less tumorigenic, were grown in parallel. 
The migration of the cells was tested in an in vitro 
"wounding" assay as described in Example II. As shown in 
Figure 21A and 21C, A3 cells migrated less well than Cll 
cells. However, the addition of the IIIx-C protein to Cll 

30 cells (Figure 2 IB) resulted in a retardation of their 
migration, such that they migrated at approximately the 
same rate as the A3 cells (Figure 2 IB and 21C) . Thus, the 
IIIx-C protein which increases the fibronectin matrix 
assembly of these cells also decreased their rate of 

35 migration. This decreased rate of migration is a strong 
indication that III^C and related polypeptides can inhibit 
the tumorigenic phenotype of cancer cells. 
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The results of Examples XII through XIV show that 
recombinant polypeptides representing portions of the III T 
repeat can induce fibronectin disulfide cross-linking in 
vitro , can enhance fibronectin matrix assembly in tissue 
5 culture, and can inhibit cell migration in tissue 
culture . 

While the invention has been described in detail 
with reference to presently preferred embodiments , it is 
10 understood that various modifications can be made without 
departing from the spirit of the invention. Accordingly , 
the invention is limited only by the following claims. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

5 

(i) APPLICANT : RUOSLAHTI, ERKKI I* 
MORLA, ALEX 

(ii) TITLE OF INVENTION: FIBRONECTIN BINDING SITES AND METHODS OF 
10 MODULATING FIBRONECTIN EXTRACELLULAR MATRIX ASSEMBLY 

(iii) NUMBER OF SEQUENCES: 16 

(iv) CORRESPONDENCE ADDRESS: 
15 (A) ADDRESSEE: CAMPBELL AND FLORES 

(B) STREET: 4370 LA JOLLA VILLAGE DRIVE r STE 700 

(C) CITY : SAN DIEGO 

(D) STATE: CALIFORNIA 

(E) COUNTRY X UNITED STATES 
20 (F) ZIP: 92122 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

25 (C) OPERATING SYSTEM: PC-DOS /MS -DOS 

(D) SOFTWARE: Patentln Release #1.0 f Version #1*25 

(Vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: WO 
30 (B) FILING DATE: 01-FEB-1993 

(C) CLASSIFICATION: 

(Viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: BELLAS, CHRISTINE M. 
35 (B) REGISTRATION NUMBER: 34,122 

(C) REFERENCE /DOCKET NUMBER: FP-LA 9462 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: 619-535-9001 
40 (B) TELEFAX: 619-535-8949 



(2) INFORMATION FOR SEQ ID NO:l: 

45 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 109 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

50 (ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

55 

Asn Ala Pro Gin Pro ser His lie ser Lys Tyr lie Leu Arg Trp Arg 
1 5 io 15 

Pro Lys Asn ser Val Gly Arg Trp Lys Glu Ala Thr He Pro Gly His 
60 20 25 30 

Leu Asn ser Tyr Thr He Lys Gly Leu Lys Pro Gly Val Val Tyr Glu 
35 40 45 

65 Gly Gin Leu He Ser He Gin Gin Tyr Gly His Gin Glu Val Thr Ara 

50 55 60 
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Phe Asp phe Thr Thr Thr ser Thr Ser Thr Pro Val Thr Ser Asn Thr 
65 70 75 80 

Val Thr Gly Glu Thr Thr Pro Phe ser Pro Leu Val Ala Thr Ser Glu 
5 85 90 95 

Ser Val Thr Glu lie Thr Ala Ser Ser Phe Val Val Ser 
100 105 

10 (2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 amino acids 

(B) TYPE: amino acid 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



20 



25 



30 



35 



40 



60 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Asn Ala Pro Gin Pro ser His lie Ser Lys Tyr He Leu Arg Trp Arg 
1 5 ao 15 

Pro Lys Asn Ser Val Gly Arg Trp Lys Glu Ala Thr He Pro Gly 
20 25 30 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Glu Ala Thr He Pro Gly His Leu Asn ser Tyr Thr He Lys Gly Leu 
15 10 is 

45 Lys Pro Gly Val Val Tyr Glu Gly Gin Leu He ser He Gin Gin 

20 25 30 

(2) INFORMATION FOR SEQ ID NO: 4: 

50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 amino acids 

(B) TYPE: amino acid 
(D) topology: linear 

55 (ii) molecule type: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Leu He Ser He Gin Gin Tyr Gly His Gin Glu Val Thr Arg Phe Asp 
1 5 io * 



g5 Phe Thr Thr Thr Ser Thr Ser Thr Pro Val Thr Ser Asn Thr Val 



15 

25 Yo 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 amino acids 

(B) TYPE : amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 5: 



Val Thr ser Asn Thr Val Thr Gly Glu Thr Thr Pro Phe ser Pro Leu 
15 1 5 10 15 

val Ala Thr ser Glu Ser val Thr Glu He Thr Ala Ser Ser Phe Val 
20 25 30 

20 val ser 

(2) INFORMATION FOR SEQ ID NO: 6: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 44 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

30 (ii) MOLECULE TYPE: peptide 



35 



55 



60 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Arg Trp Ser His Asp Asn Gly val Asn Tyr Lys He Gly Glu Lys Trp 
15 10 15 



Asp Arg Gin Gly Glu Asn Gly Gin Met Met ser Ser Thr Ser Leu Gly 
40 20 25 30 

Asn Gly Lys Gly Glu Phe Lys ser Asp Pro His Glu 
35 40 

45 (2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 amino acids 

(B) TYPE: amino acid 
50 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Ala Thr Ser Tyr Asp Asp Gly Lys Thr Tyr His Val Gly Glu Gin Trp 
1 5 10 15 

Gin Lys Glu Tyr Leu Gly Ala He ser Ser Ser Thr ser Phe Gly Gly 
20 25 30 

Gin Arg Gly Trp Arg ser Asp Asn ser Arg 
bo 35 4Q 
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(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 27 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESSi single 

(D) topology : linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 1..27 

15 (D) OTHER INFORMATION: /note» "SYNTHETIC PRIMER. NOT 

GENOMIC 



20 



30 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CCGGATCCAA TGCACCACAG CCATCTC 
(2) INFORMATION FOR SEQ ID NO: 9: 



25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 
35 (A) NAME /KEY: misc feature 

(B) LOCATION: 1..2? 

(D) OTHER INFORMATION: /note= "SYNTHETIC PRIMER, NOT 
GENOMIC" 

40 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 
CCGGATCCCT GCTGGATGCT GATGAGC 
45 (2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 
50 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

55 

(ix) FEATURE: 

(A) NAME /KEY: misc feature 

(B) LOCATION: 1..28 

cn < D ) OTHER INFORMATION: /note= -SYNTHETIC PRIMER. NOT 

bU GENOMIC" 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
65 CCGGATCCAG GTGTGCTGGT GCTGGTGG 
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(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 8 amino acids 
5 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

10 (v) FRAGMENT TYPE: c-terminal 



15 



20 



25 



30 



45 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Gly ser Pro Gly lie His Arg Asp 
1 5 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) fragment TYPE: N-terminal 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



Met Arg Gly ser 

«jD 1 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 
40 (A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: C-terminal 



50 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Gly ser Arg Ser His His His His His His 
15 10 

55 (2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
60 (D) TOPOLOGY: linear 



65 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: N-terminal 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14; 

Ala Gin Asn Pro Ser 
1 5 

5 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS I 
(A) LENGTH: 5 amino acids 
10 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

15 (v) FRAGMENT TYPE: N-terminal 



20 



25 



30 



35 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Glu Glu His Gly Phe 
1 5 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: N-terminal 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 



Ala val Gly Asp Glu 
40 l 5 
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WE CLAIM: 

1. A substantially purified polypeptide 
derived from the IIIx repeat of fibronectin wherein said 
polypeptide is characterized by having a molecular weight 
5 of about 14 kDa or functional fragments thereof, having 
the ability to bind fibronectin. 



2. The polypeptide of claim l f wherein said 
polypeptide is further characterized by being capable of 

10 inhibiting f ibronectin-fibronectin binding. 

3. The polypeptide of claim 1', wherein said 
polypeptide is further characterized by binding 
specifically to IMR-90 cells, but not to HT-1080 cells. 

15 

4. The polypeptide of claim 1 having 
substantially the same amino acid sequence as set forth 
in Sequence ID No. 1. 

20 5. The polypeptide of claim 1 having 

substantially the amino acid sequences 

NAPQPSHISK YILRWRPKNS VGRWKEATIP G (PI) or 
EATIPGHLNS YTIKGLKPGV VYEGQLISIQ Q (P2) or 
LISIQQYGHQ EVTRFDFTTT STSTPVTSNT V (P3) or 

25 VTSNTVTGET TPFSPLVATS ESVTEITASS FWS (P4). 

6. The polypeptide of claim 1 having 
substantially the amino acid sequence: 

NAPQPSHISK YILRWRPKNS VGRWKEATIP G (PI). 

30 

7. A composition comprising a mixture of at 
least two of the polypeptides of claim 5. 
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8. Th composition of claim 7 wherein the 
polypeptides are Pi and P4. 

9. The polypeptide of claim 1, wherein said 
5 polypeptide is recombinantly produced. 

10. The polypeptide of claim 9, wherein said 
polypeptide is IIIj-C, IIIj-E, or QE-C. 

10 11. Binding molecules that specifically bind 

to the polypeptide of claim 1. 

12. A method of inhibiting extracellular 
matrix assembly in a cellular system comprising 

15 inhibiting f ibronectin-f ibronectin binding by contacting 
the cellular system with an effective amount of the 
polypeptide of claim 2. 

13. The method of claim 12 wherein said 

20 polypeptide has substantially the amino acid sequence: 
NAPQPSHISK YILRWRPKNS VGRWKEATIP G (PI) or 
LISIQQYGHQ EVTRFDFTTT STSTPVTSNT V (P3). 

14. The method of claim 12 wherein said 
25 polypeptide has the amino acid sequence HAPQPSHISK 

YILRWRPKNS VGRWKEATIP G (PI). 

15. A method of inhibiting extracellular 
matrix assembly in a cellular system comprising 

30 inhibiting fibronectin-f ibronectin binding by contacting 
the cellular system with a mixture of at least two of the 
polypeptides PI, P2, P3 and P4. 



35 



16. The method of claim 15, comprising 
contacting the cellular system with a mixture of the 
polypeptides PI and P4. 
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17 • A method of inhibiting extracellular 
matrix assembly in a cellular system comprising 
inhibiting fibronectin-f ibronectin binding by contacting 
the cellular system with the binding molecule of claim 
5 11. 

18. A method of promoting cell attachment to a 
surface, said method comprising the steps of: 

coating a surface with the polypeptide of claim 
10 1, then exposing the coated surface to a f ibronectin- 

containing solution under conditions allowing fibronectin 
to bind to said surface, and 

contacting cells with said fibronectin-treated 

surface. 

15 

19. A substantially purified polypeptide 
derived from the C-terminal type I repeats of 
fibronectin, wherein said polypeptide is characterized by 
a molecular weight of about 18 kDa or functional 

20 fragments thereof, and the ability to bind the type IIIx 
repeat of fibronectin. 

20. The polypeptide of claim 19, wherein the 
polypeptide is further characterized by having the 

25 capacity to inhibit fibronectin-f ibronectin binding. 

21. The polypeptide of claim 19 having 
substantially the amino acid sequence: 

RWSHDNGVNY KIGEKWDRQG ENGQMMSSTS LGNGKGEFKS 
30 DPHE (Pll) , or 

ATSYDDGKTY HVGEQWQKEY LGAISSSTSF GGQRGWRSDN 

SR (P12). 



35 



22. The polypeptide of claim 20 having 
substantially the amino acid sequence RWSHDNGVNY 
KIGEKWDRQG ENGQMMSSTS LGNGKGEFKS DPHE (Pll). 
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23. Binding molecules that specifically bind 
to the polypeptide of claim 19. 

24. A method of inhibiting extracellular 
5 matrix assembly in a cellular system comprising 

inhibiting fibronectin-f ibronectin binding by contacting 
the cellular system with an effective amount of the 
polypeptide of claim 20. 

!0 25. The method of claim 24 wherein said 

polypeptide has the amino acid sequence RWSHDNGVNY 
KIGEKWDRQG ENGQMMSSTS LGNGKGEFKS DPHE (Pll) . 

26. A method of inhibiting extracellular 
15 matrix assembly in a cellular system comprising 

inhibiting fibronectin-f ibronectin binding by contacting 
the cellular system with an effective amount of the 
binding molecule of claim 23. 

20 27. A method of isolating f ibronectin from a 

mixture of proteins comprising the steps of: 

subjecting said mixture to affinity 
chromatography conditions employing a support containing 
at least one polypeptide according to claim 1 or claim 

25 19 , 

and eluting the retained f ibronectin from said 
support . 

28. A method of preventing scar formation as a 
30 result of the healing of a wound, said method comprising 
administering an effective amount of polypeptide 
according to claim 1 or claim 19 to prevent excessive 
matrix formation, thereby preventing scar formation. 
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29. A method of promoting ass mbly of an 
extracellular matrix in a cellular system c mprising 
contacting said system with an effective amount of the 
polypeptides PI, P4, IIIx-C, IIIj-B or QE-C. 

30. The method of claim 29 wherein the 
polypeptide is IIIj-C. 



31. A method of promoting fibronectin 
10 disulfide cross-linking comprising contacting the 

fibronectin with the polypeptide PI, P4, III^C, IIIj-E, 
or QE-C. 

32. A method of inhibiting tumor cell 

15 migration in a cellular system comprising contacting the 
system with an effective amount of the polypeptide PI, 
P4, IIIj-C, III^E or QE-C. 
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